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(57) Abstract 

Enzymatic RNA molecules which cleave ICAM-1 mRNA, IL-5 mRNA, ret A mRNA, TNF-o mRNA, RSV mRNA or 
RSV genomic RNA, or CML associated mRNA, and use of Ihese molecules for the treatment of pathological conditions 
related to those mRNA-levels; ribo nucleosides or nucleotides modified in 2\ 3* or 5\ methods for their synthesis, 
purification and deprotection; vectors containing multiple enzymatic nucleic acids, optionally in chimeric form with 
iRNAs; method for introducing enzymatic nucleic acids into cells by forming a complex with a second nucleic acid, where 
the complex is capable of taking an R-loop base-paired structure; method for altering a mutant nucleic acid in vivo by 
hybridization with an oligonucleotide capable of activating dsRNA deaminase, comprising an enzymatic activity or a 
chemical mutagen. Further are disclosed trans-cleaving or -ligating hairpin ribozymes lacking a substrate RNA moiety, as 
well as hammerhead ribozymes having an interconnecting loop between base pairs in stem II. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 




GB 


United Kingdom 


MR 




AU 


Awatlia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


CN 


Guinea 


NE 


Niger 


BE 


BelginxD 


GR 


Greece 


NL 




BF 


Buiiuu Faso 


BU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Bcnrn 


IT 


Italy 


PL 


Poland 


BR 


Bazfl 


JP 


Japan 


PT 


Portugal 


BY 


Bdra 


KE 


Kenya 


RO 




CA 


Canada 


KG 


Kyrgyuan 


RU 


Russian Federation 


CF 


Ccptnl African Republic 


KP 


Democratic People' i Republic 


SD 


Sodan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


RepnbEc of Korea 


SI 


Slovenia 


a 


COte dlroire 


KZ 


KazaAchstan 


SK 


Slovakia 


CM 




U 




SN . 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czecxtoslovaloa 


LU 




TG 


Togo 


CZ 


Caodb Republic 


LV 


Latria 


TJ 


Tankman 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Ornrmrk 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United State* of America 


n 




ML 


MaH 


UZ 




FR 


France 


MN 


H mi . if ■ 

Mongolia 


VN 


Viet Nam 


GA 


Gaboo 











WO 95/23225 PCI7IB9S/00156 



METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 



Background of the Invention 



This invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 

5 Summary of the Invention 

The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, e^, ICAM-1, IL-5, relA, TNF-a, p210 bcr-abl f and respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
1 0 treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
base sequence specific manner. Such enzymatic RNA molecules can be 
15 targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al., 84 Proc. Natl. Acad. Sci. I IRA 8788. 1987; 
Haseloff and Geriach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies etal., 17 Nucleic Acids Research 1371, 1989. 

. Six basic varieties of naturally-occurring enzymatic RNAs are known 
20 presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds 
in trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
25 through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts enzymatically to cut the target RNA. Strategic cleavage of such a 
30 target RNA will destroy its ability to direct synthesis of an encoded protein. 
After a ribozyme has bound and cleaved its RNA target it is released from 
that RNA to search for another target and can repeatedly bind and cleave 
new targets. 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its translation) since 
the effective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule Is able to cleave many molecules of target RNA. 
In addition, the ribozyme is a highly specific inhibitor, with the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 

1 0 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the inhibition is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 

15 those involved in base pairing. Thus, ft is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

20 Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 

RNA molecules, directed to cleave RNA species encoding ICAM-1, IL-5, 
relA, TNF-a, P 210bcr-abl t or RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RNAs and their use to reduce levels of ICAM-1, IL-5, relA, TNF-a, 

25 p210 bor-abl or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of ICAM-1, IL-5, rel A, TNF-a, P 210bcr-abl i or RSV genes and that the 

catalytic activity of the ribozymes is required for their inhibitory effect. 
30 Those of ordinary skill in the art, will find that it is clear from the examples 
described that other ribozymes that cleave target ICAM-1, IL-5, rel A, TNF- 
a, pgiobcr-abl, or RSV encoding mRNAs may be readily designed and are 
within the invention. 

These chemically or enzymatically synthesized RNA molecules 
35 contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 
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cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
0 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermolecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is foimed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 
Examples of such hammerhead motifs are described by Rossi etal., 1992 
Aids Research and Human BslmiU SM . 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry, 28, 4929, EP 0360257 and Hampel 
et al - 199 °. Nucleig Acids Res. 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry 31 
16 of the RNaseP motif by Guerrier-Takada et al., 1983 Qgll, 35 849, 
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30 Examples of such hammerhead motifs are described by Rossi et a/., 1992, 
Aids Research and Human Retroviruses , 8,183, of hairpin motifs by 
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delta virus motif is described by Perotta and Been, 1992 Biochemistry 31 

35 16 of the RNaseP motif by Guerrier-Takada et al.. 1983 Cell, 35 849, 
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35 16 of the RNaseP motif by Guerrier-Takada et al., 1983 Cell. 35 849, 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augmented by their release from the 
primary transcript by a second ribozyme (Draper et al., PCT W093/23569, 
and Sullivan et al., PCT WO94/02595, both hereby incorporated in their 
5 totality by reference herein; Ohkawa, J., et al., 1992, Nucleic Acids Svmp. 
SSL 27, 15-6; Taira, K. et al., Nucleic Acids Res.. 19, 5125-30; Ventura, M., 
et al., 1993, Nucleic Acids Res.. 21, 3249-55, Chowrira et al., 1994 J. Biol. 
Chem.. 269, 25856 ). 

By "inhibit" is meant that the activity or level of ICAM-1 ,Rel A, IL-5, 
10 TNF-a, p210 b c-abl or RSV encoding mRNA is reduced below that 
observed in the absense of the ribozyme, and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the mRNA, but unable to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
1 5 conditions discussed above, and any other diseases or conditions that are 
related to the level of ICAM-1, IL-5, Rel A, TNF-a, p210 bcr -abl or RSV 
protein or activity in a cell or tissue. By "related" is meant that the inhibition 
of ICAM-1, IL-5, Rel A, TNF-a, p210 bcr -abl or RSV mRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-d, p210 Dcr -ab' or 
20 RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locally administered to relevant tissues 
25 through the use of a catheter, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes 
have binding amis which are complementary to the sequences in Tables 
2,3,6-9, 11, 13, 15-23, 27, 28. 31, 33, 34, 36 and 37. 

Examples of such ribozymes are shown in Tables 4-8, 10, 12, 14-16, 
30 19-22, 24, 26-28, 30, 32, 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding arms able to bind 
mRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 
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Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop II sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution, deletion, and/or 
insertion) to contain any sequences provided a minimum of two base- 
paired stem structure can form. Similarly, stem-loop IV sequence of hairpin 
ribozymes listed in the above identified Tables can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
10 two base-paired stem structure can form. The sequence listed in the 
above identified Tables may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target 

15 molecules and inhibit ICAM-1, IL-5, Rel A, TNF-a, p210 bcr " a bl or RSV 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a ribozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eukaryotic RNA 
polymerase I (pol I), RNA polymerase II (pol II), or RNA polymerase III (pol 
III). Transcripts from pol II or pol III promoters will be expressed at high 
levels in all cells; the levels of a given pol II promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (Elroy-Stein and Moss, 1990 Proc. Natl. 
Acad. Sci. USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res. t 21 
2867-72; Lieber et al., 1993 Methods Enzymol., 217, 47-66; Zhou et al., 

30 1990 Mol. Cell. Biol., 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense Res. Dev., 
2, 3-15; Ojwang et al., 1992 Proc. Natl. Acad. Sci. USA, 90, 6340-4; 
L'Huiller et al., 1 992 EMBO J. 1 1 , 441 1 -8; Lisziewicz et al., 1 993 Proc. Natl. 

35 Acad. Sci. U.S.A., 90 8000-4). The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof, and from 
5 the claims. 

Description Of The Preferr ed Embodiments 
The drawings will first briefly be described. 
Drawings: 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem II can be £ 2 base-pair long. 

Figure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known in the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987, Nature, 327, 596-600) into a substrate and enzyme portion; Figure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Haseloff and 
Gerlach (1988, Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989, Nucl. Acids. Res., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
20 hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (i.e., n 
is 1 ,2,3 or 4) and helix 5 can be optionally provided of length 2 or more 
bases (preferably 3-20 bases, ie., m is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases (i.e., r is £ 1 base). 
Helix 1, 4 or 5 may also be extended by 2 or more base pairs (e.g., 4-20 
25 base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each instance, each N and 1ST independently is any normal 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 
30 preferred. Helix 1 and 4 can be of any size (i.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
formed from two separate molecules, i.e., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, "q" is > 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linker 
molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. 
" " refers to a covalent bond. 

Figure 4 is a representation of the general structure of the hepatitis 
1 0 delta virus ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self- 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

15 Figure 7 is a diagrammatic representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 11 is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 °C for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2- 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HF at 65°C for 1.5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramidite chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65°C for 15 min. The sample is 
allowed to cool for 10 min before adding TEAOHF reagent, to the same 
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pot, to remove protecting groups at the 2*-hydroxyl position. The 
deprotection is carried out for 1 .5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme, targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to full-length RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5' end contain phosphorothioate 
15 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2-N- 
phtalimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a 2-protecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and I is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2'-hydroxyl group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM protection of the 2'-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
deprotected 10-mer of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 
5 transcript. Solid arrows indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
H/ndlll-linearized plasmid. (23) HH Cassette, transcript containing the 

10 hammerhead trans-acting ribozyme linked to a 3' cis-acting hammerhead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylogenetic. and mutational analysis (reviewed by Symons, 1992 supra) . 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3'- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 

15 (UC at positions 50 and 51) at its 3' end. The 3* processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and III, 
indicate the three helices that contribute to the structure of the 3' cis-acting 
hammerhead ribozyme (Hertel et al., 1992 Nucleic Acids Rpr , 20, 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 

20 hammerhead ribozyme (Ruffner et al., 1990 Biochemistry 29, 10695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3' cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzal-Herranz et al., 1993 EMBO. J 

25 12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3'-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at its 3' end. The 3' cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 

30 between G52 and U77; HP(GC) has a Watson-Crick base pair between 
G52 and C77. A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening, 1993 
Nucleic Acids Res. 21, 1991; Altschuler et al., 1992 supra) . (25) HDV 
35 Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3' cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 
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coworkers (Been et al., 1992 Biochemistry 31 , 1 1843). The trans-ribozyme 
domain extends from nucleotides 1 through 48. After 3'-end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to 50) at its 3" end. The 3' cis-acting HDV ribozyme is comprised of 
5 nucleotides 50 through 114. Roman numerals I, II, III & IV, indicate the 
location of four helices within the 3' cis-acting HDV ribozyme (Perrota & 
Been, 1991 Nature 350, 434). The AHDV transcript contains a 31 
nucleotide deletion in the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure is not drawn to scale. 

Fig. 27 demonstrates the effect of 3' flanking sequences on RNA self- 
processing in vitro. H, Plasmid templates linearized with Mndlll restriction 
enzyme. Transcripts from H templates contain four non-ribozyme 
15 nucleotides at the 3' end. N, Plasmid templates linearized with Nde\ 
restriction enzyme. Transcripts from N templates contain 220 non r 
ribozyme nucleotides at the 3' end. R, Plasmid templates linearized with 
Heal restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3' end. 

20 Fig. 28 shows the effect of 3' flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
internally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single turn-over conditions (Herschlag and Cech, 1990 Biochemistry 
29, 10159). HH+2, HH+37, and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH. AHDV, and HH(mutant) constructs, 
respectively, and that contain 2, 37 and 52 extra nucleotides on the 3' end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleidaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential curve fit was used 
. 30 because the data points did not fall on a single exponential curve, 
presumably due to varying conformers of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in OST7-1 cells, in vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-incubated 
35 with MgCl2 (+) or with DEPC-treated water (-) prior to being hybridized 
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cells transfected with one of the four self-processing constructs. Cellular 
RNA are probed for ribozyme expression using a sequence specific primer- 
extension assay. Solid arrows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3' Cleavage Products. 

Figs. 30,31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5* and the 3' end following self-processing. 30, 
shows various permutations of a hammerhead self-processing cassette. 31 , 
1 0 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a-b Schematic representation of RNA polymerse III promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A, B and C f refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element. DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?, 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the 
art. 

20 Figs. 33a-e Sequence of the primary tRNAj met and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pol 111 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-5 transcript is a truncated version of tRNA wherein the sequence 3' 
of B box has been deleted (Adeniyi-Jones et al., 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3' region of A3-5 RNA; S3- a stable stem-loop structure was 

30 incorporated at the 3* end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5' and the 3' ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3' end of the A3-5/HHI ribozyme chimera 
was altered to enable duplex formation between the 5' end and a 
complementary 3' region of the same RNA; S35Plus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the A3-5/HHI 
chimera. 

Figures 35 and 36. Northern analysis to quantitate ribozyme 
expression in T cell lines transduced with A3-5 vectors. 35) A3-5/HHI and 
5 its variants were cloned individually into the DC retroviral vector (Sullenger 
et al., 1990 supra). Northern analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from cells 
(Chomczynski.& Sacchi, 1987 Analytical Biochemistry 162, 156-159), and 
transduced with various constructs described in Fig. 34. Northern analysis 

10 was carried out using standard protocols (Curr. Protocols Mol. Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY). Nomenclature is same as in Figure 
34. This assay measures the level of expression from the type 2 pol III 
promoter. 36) Expression of S35 constructs in MT2 cells. S35 (+ribozyme), 
S35 construct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

1 5 containing no ribozyme. 

Figure 37. Ribozyme activity in total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3-5 
constructs described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction, 5 u.g total RNA and trace amounts of 5' terminus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90°C for 2 min in the 
presence of 50 mM Tris-HCI, pH 7.5 and 10 mM MgCI 2 . RNAs were 
renatured by cooling the reaction mixture to 37°C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37°C. The reaction was allowed to proceed for - 18h, 

25 following which the samples were resolved on a 20 % urea-polyacrylamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal CEM cell lines. 38) Northern analysis of S35- 
transduced clonal CEM cell lines. Standard curve was generated by 
. 30 spiking known concentrations of in vitro transcribed S5 RNA into total 
cellular RNA isolated from non-transduced CEM cells. Pool, contains RNA 
from pooled cells transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and then grown in the absence of G418 for 3 months. Lanes A 
35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAj me t, refers to the 
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endogenous tRNA. S35, refers to the position of the ribozyme band. M, 
marker lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Fig.37. 
Nomenclature is same as in Figs. 35 and 36 except, S, 5' terminus-labeled 
5 substrate RNA. P, 8 nt 5' terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary structures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
1 0 structure formed due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5' terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B boxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
15 and S35 plus containing HHI ribozyme. 

Figures 44, 45, 46 and 47 are the nucleotide base sequences of S35, 
HHIS35, S35 Plus, and HHIS35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3' of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
. respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ-tRNA chimera. 

Figure 54 shows the general structure of HPITRZ-A ribozyme chimera. 
30 A hairpin ribozyme targeted to site I is cloned into the indicated region of 
TRZ-tRNA chimera. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHITRZ-B and a chemically synthesized HHI hammerhead ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors. M, markers; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3, MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5, MT2 and CEM cells transduced with AAV vectors. 

Figs. 57a-b Schematic diagram of adeno-associated virus and 
adenovirues vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase II or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted terminal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (stuffer) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenoviorus coding regions (cross-hatched boxes marked as E1, pIX, 
E3, and E4), and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Fig. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being formed between 
the ribozyme and the target. For example, 5/8 means that the HH ribozyme 
forms 5 bp on the 5' side and 8 bp on the 3* side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base- 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. Biophys. Chem. 17. 167). RPI A is a HH 
ribozyme with 6/6 binding arms. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Fig. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem II (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 
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Figs. 63 and 64 show RNA cleavage activity of HH-I and its variants 
(see Fig.62). 63) cleavage of matched substrate RNA (15 nt). 64) cleavage 
of long substrate RNA (613 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3' fragment is phosphorylated at 
its 5' end and that the 3 1 end of the 5' fragment have a hydroxyl group. The 
hairpin ribozyme is targeted against site J. H1 and H2 are iritermolecular 
10 helices formed between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices formed within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme •substrate complex as described in the art (Berzal-Herranz et a/. f 
1993 EMBO. J.12, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burke, 1992 Nucleic Acids 

20 Res, 20, 2835); #H1 and H2 represent intermolecular helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecular helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base- 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 Arrow indicates the site of RNA cleavage. All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless otherwise indicated. Those skilled in 
the art will . recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo, 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



PCT/IB95/00156 



17 

To make internally-labeled substrate RNA for trans-ribozyme 
cleavage reactions, a 422 nt region (containing hairpin site A) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
5 standard transcription buffer in the presence of [a- 32 P]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuclease-free DNasel, extracted with phenol followed 
chloroforrn:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 \i\ 
1 0 DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1^M) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCfe) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 

15 reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 pJ were taken at regular time intervals, 
quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 

20 imaging of gels with a Phosphorlmager (Molecular Dynamics, Sunnyvale, 
CA). 

Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme^substrate complex. The 
ribozyme was assembled from two fragments as described above. The 
25 nomenclature is the same as above. 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown. HP-L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-L1 (4 bp helix 2). To make internally- 
30 labeled substrate RNA for frans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PCR using primers that place 
the T7 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 
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Figs. 71a-b shows a Site M Hairpin Ribozyme (HP-M) with the 
proposed secondary structure of the hairpin ribozyme*substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph showing RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both 20°C and at 26°C. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1.9 KB region (containing hairpin site M) was synthesized by 
PCR using primers that place the T7 RNA promoter upstream of the 
amplified sequence. Cleavage reactions were carried out as described 
10 above except that 20°C and at 26°C temperatures were used. 

Figs. 73a-d shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3. B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 is replaced by a nucleotide loop wherein q is > 2 bases. 

15 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103"L B , wherein L is a 
non-nucleotide linker molecule (Benseler et a/., 1993 J. Am. Chem. Soc. 
115, 8483; Jennings et a/., WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule "L" (Benseler et a/., 
1993 supra] Jennings et a/., supra). Nomenclature is same as described 
under figure 3. 

Figs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region "s" at the indicated location, wherein s is > 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the 5'-C-alkyl-modified 
nucleotides. Ri is as defined above. R is OH, H, O-protecting group, NH, or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-D-allose nucleosides and their phosphoramidites. 

Figure 77 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-L-talose nucleosides and their phosphoramidites. 

5 Figure 78 is a diagrammatic representation of hammerhead 

ribozymes targeted to site O containing 5'-C-methyl-L-talo modifications at 
various positions. 

Figure 79 shows RNA cleavage activity of HH-O ribozymes. Fraction 
of target RNA uncleaved as a function of time is shown! 

10 Figure 80 is a diagrammatic representation of a position numbered 

hammerhead ribozyme (according to Hertel etai Nucleic Acids Res. 1992, 
20, 3252) showing specific substitutions. 

Figs. 81a-j shows the structures of various 2 , -alkyl modified 
nucleotides which exemplify those of this invention. R groups are alkyl 
1 5 groups, Z is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2'-C- 
allyl uridine and cytidine. 

Figure 83 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2-C-difluoromethylene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2'-C- 

methylene and 2'-C-difluoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-Odifluoromethylene adenosine. 

Figure 86 is a diagrammatic representation of the synthesis of 2'-C- 
25 carboxymethylidine uridine, 2-C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alkyl as discussed above, or 
another substituent. 

Figure 87 is a diagrammatic representation of a synthesis of 
nucleoside 5'-deoxy-5'-difluoromethyIphosphonates. 
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Figure 88 is a diagrammatic representation of the synthesis of 

nucleoside 5*-deoxy-5'-difluoromethylphosphonate 3'-phosphoramidites, 
dimers and solid supported dimers. 

Figure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside S-deoxy-S'-difluoromethylene triphosphates. 

Figures 90 and 91 are diagrammatic representations of the synthesis 
of S-deoxy-S'-difluoromethylphosphonates and dimers. 

Figure 92 is a schematic representation * of synthesizing RNA 
phosphoramidite of a nucleotide containing a 2-hydroxyl group 
1 0 modification of the present invention. 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2-hydroxyl group modification of the present invention. 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2-hydroxyl group substitution is 
15 indicated. 

Figure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. All RNA, represents 
hammerhead ribozyme (HHN) with no 2'-hydroxyl group modifications. U7- 
ala, represents HHN ribozyme containing 2-NH-alanine modification at the 
20 U7 position. U4/U7-ala, represents HHA containing 2'-NH-aIanine 
modifications at U4 and U7 positions. U4 lys, represents HHA containing 
2'-NH-lysine modification at U4 position. U7 lys, represents HHA containing 
2-NH-lysine modification at U7 position. IM/ltf-lys, represents HHN 
containing 2-NH-lysine modification at U4 and U7 positions. 

25 Figures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3' ends of RNA with modification of the present 
invention. B, refers to either a base, modified base or an H. 

Figure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5' ends of RNA with modification of the present 
30 invention. B, refers to either a base, modified base or an H. 

Figures 100 and 101 are general schematic representations of the 
invention. 
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Fig. 102a-d is a schematic representation of a method of the invention. 

Fig. 103 is a graph of the results of the experiment diagrammed in 
figure 104. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig. 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ribozymes of this invention. 

Figure 106 generally shows R-loop formation, and an R-loop 
complex. In addition, it indicates the location at which ligands can be 
10 provided to target the R-loop complex to cells using at least three different 
procedures, such as ligand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
1 5 described by Draper et aL, PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1 , IL-5, rel A, 
TNF-a, p210 bcr " abl , or RSV genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1 , 
II-5, rel A, TNF-oc ,p210 bcrvabl , or RSV mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

I. Target sites 

25 Targets for useful ribozymes can be determined as disclosed in 

Draper et al PCT WO93/23509, Sullivan et a/., PCT WO94/02595 as well 
as by Draper et al., PCT/US94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested 
in vitro and in v/Vo, as also described. Such ribozymes can also be 
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optimized and delivered as described therein. While specific examples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding arms suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 

10 individually analyzed by computer folding (Jaeger et a!., 1989 Proc. Natl. 
Acad. Sci., USA, 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 

1 5 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
each arm are able to bind to, or otherwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally in Draper et al., PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from DNA templates. The 
oligonucleotides and the labeled trascripts are annealed, RNaseH is 

25 added and the mixtures are incubated for the designated times at 37°C. 
Reactions are stopped and RNA separated on sequencing polyacrylamide 
gels. The percentage of the substrate cleaved is determined by 
autoradiographic quantitation using a phosphor imaging system. From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 most accessible. 

Ribozymes of the hammerhead or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal RNA synthesis as described in Usman et 
al., 1987 J. Am. Chem. Soc, 109, 7845 and in Scaringe et al., 1990 
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Nucleic Acids Res., 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5*-end, 
phosphoramidites at the 3-end. The average stepwise coupling yeilds are 
>98%. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for A14 (numbering from Hertel et al„ 1992 Nucleic Acids Res., 20, 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

10 Uhlenbach, 1989, Methods Enzymol, 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
groups, for example, 2'-amino, 2 , -C-allyl, 2'-flouro, 2*-0-methyl, 2'H (for a 
review see Usman and Cedergren, 1992 TIBS 17,34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

1 5 high pressure liquid chromatography and are resuspended in water. 

Example 1: ICAM-1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically inert, whereas 
significant neutralizing anti-IgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1 . 
The discussion is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the work described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule-1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rheumatoid arthritis, asthma and reperfusion injury. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et al., 1987 Ann. Rev. Immunol. 5, 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
5 presentation to T cells, for B cell induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK cells, monocytes or granulocytes. 
Intercellular adhesion molecule-1 (ICAM-1) is a 110 kilodalton member of 
the immunoglobulin superfamily that is involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331, 624-627). 

10 ICAM-1 is expressed on only a limited number of cells and at low 

levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137, 
245-254). Upon treatment with a number of inflammatory mediators 
(lipopolysaccharide, rinterferon, tumor necrosis factor-a, or interleukin-1), 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 

15 cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer et. al. supra; Dustin et al., supra; and Rothlein et al.. 1988 J. 
Immunol. 141, 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons et al., supra). Elevated expression is detectable 
after 4 hours and peaks after 16 -24 hours of induction. 

20 ICAM-1 induction is critical for a number of inflammatory and immune 

responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd, 1988 Proc. Natl. Acad. Set. USA 
85, 3095-3099; Dustin and Springer, 1988 J. Celt Biol. 107; 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 

25 cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
mixed lymphocyte reactions, and T cell-mediated B cell differentiation,' 
suggesting that ICAM-1 is required for these cognate cell interactions 
(Boyd et al., supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-1 defective murine B cell mutants to 

30 stimulate antigen-dependent T cell proliferation (Dang et al., 1990 J. 
Immunol. 144, 4082-4091). Conversely, murine L cells require transfection 
with human ICAM-1 in addition to HLA-DR in order to present antigen to 
human T cells (Altmann et al., 1989 Nature (London) 338, 512-514). In 
summary, evidence in vitro indicates that ICAM-1 is required for cell-cell 

35 interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleave ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAM-1 mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2, 3. and 6-9. (All sequences 
1 0 are 5' to 3' in the tables) While rat, mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 4 - 8 and 10. Those in the art will recognize that 
15 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 

25 monitored by ELISA, by indirect immuhofluoresence, and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northern, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et al., PCT WO94/02595, incorporated by 

reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and protein. The effect of the anti-ICAM-1 ribozymes on graft 

35 rejection will then be assessed. Similarly, ribozymes will be introduced 
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into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
5 construct that constitutively expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

ICAM-1 plays a central role in immune cell recognition and function. 
Ribozyme inhibition of ICAM-1 expression can reduce transplant rejection 

10 and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM-1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 

15 arthritis symptoms in animal models. These anti-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 

20 role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those in the art will recognize further 

25 conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al., 1 991 Transplantation 
30 51,537-539). 

Antibody to ICAM-1 blocks renal (Cosimi et al., 1990 J. Immunol. 144, 4604- 
4612) and cardiac (Flavin et al., 1991 Transplant. Proc. 23. 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug, et al., 1993Transplantation 55, 766-72). 

• Rheumatoid arthritis 

5 ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et al., 1990 Arthritis Rheum 33, 
1776-86; Koch et al., 1991 Lab Invest 64. 313-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et al., 1993 
Arthritis Rheum 36, 519-27). 

10 Anti-ICAM antibody inhibits collagen-induced arthritis in mice (Kakimoto et al., 
1 992 Ceil Immunol 1 42, 326-37). 

Anti-ICAM antjbody inhibits adjuvant-induced arthritis in rats (ligo et al., 1991 J 
Immunol 147, 4167-71). 

• Myocardial ischemia, stroke, and reperfusion injury 

15 Anti-ICAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Y oshida et al., 1 992 Am J Physiol 262, H1 891 -8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et al., 1993 Exp Neurol 1 19, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
20 myocardial ischemia (Ma et al., 1 992 Circulation 86, 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed airway endothelium and epithelium in vivo 
(Wegner et al., 1 990 Science 247, 456-9). 

25 In a primate model of asthma, anti-ICAM-1 antibody blocks airway eosinophilia 
(Wegneret al., supra) and prevents the resurgence of airway inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et al., 1992 Clin 
Exp Allergy 22, 569-75). 
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WO 95/23225 



PCT/IB95/00156 



28 

Surface ICAM-1 and a clipped, soluble version of ICAM-1 is expressed in 
psoriatic lesions and expression correlates with inflammation (Kellner et al., 
1 991 Br J Dermatol 125, 21 1 -6; Griffiths 1 989 J Am Acad Dermatol 20, 61 7-29; 
Schopf et a!., 1993 Br J Dermatol 128, 34-7). 

5 AntMCAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et al M 1993J Immunol 150, 2148-59 ). 

• Kawasaki disease 

Surface ICAM-1 expression correlates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et al„ 1 989 Lancet 2, 1298-302). 

10 Soluble ICAM levels are elevated in Kawasaki disease patients; particularly 
high levels are observed in patients with coronary artery lesions (Furukawa et 
al., 1992Arthritis Rheum 35, 672-7; Tsuji, 1992 ArerugiAl, 1507-14). 

Circulating LFA-1 + T cells are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al., 1993Scand J 
1 5 Immunol 37, 377-80). 

Example 2; lL-5 

Ribozymes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatory disorders like asthma. The invention features 
use of ribozymes to treat chronic asthma, e^, by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and activation of 
eosinophils. 

A number of cytokines besides IL-5 may also be involved in the 
activation of inflammation in asthmatic patients, including platelet activating 
factor, IL-1, IL-3, IL-4, GM-CSF, TNF-a, gamma interferon, VCAM, ILAM-1, 

25 ELAM-1 and NF-kB. In addition to these molecules, it is appreciated that 
any cellular receptors which mediate the activities of the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1 R and TNF-aR on keratinocytes, 
epithelial and endothelial cells in airways. Recent data suggest that certain 

30 neuropeptides may play a role in asthmatic symptoms. These peptides 
include substance P, neurokinin A and calcitonin-gene-related peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are currently assumed to have a role only in asthma. 
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Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et al. f 1989 supra: Garssen et al., 1991 Am. Rev. 
5 Respir. Pis. 144, 931-938; Larsen et al., 1992 J. Clin. Invest. 89, 747-752; 
Mauser et al., 1993 supra) . Ribozyme cleavage of IL-5 mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-5 mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11, 13, and 14, 15. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
1 5 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. (In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12, 14 - 16. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammerhead ribozymes listed in Tables 12 and 14 (S'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (S-CACGUUGUG-S 1 ) can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can form. The sequences listed in Tables 12, 14 - 16 
may be formed of ribonucleotides or other nucleotides or non-nucleotides. 
Such ribozymes are equivalent to the ribozymes described specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 
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with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing IL-5 
expression levels. Ribozymes will be delivered to cells by incorporation 
5 into liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays, ELISA, by indirect immunofluoresence, and/or by 
FACS analysis. IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
10 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be identified. 

Uses 

Interleukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

1 5 Takatsu et al., 1 988 Immunol. Rev. 1 02, 1 07). It stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Clutterbuck et al., 
1989 Blood 73, 1504-12), vascular adhesion (Walsh et al., 1990 
Immunology 71, 258-65) and in vitro survival of eosinophils (Lopez et al., 

20 1988 J. Exp. Med. 167, 219-24). This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exp. Med. 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. normal patients (Oehling et al., 1992 J. Investig. Allergol. Clin. Immunol. 
. 2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent Improvement in 
pulmonary function compared to intrinsic asthma patients with no 
corticosteroid treatment. 

Bronchoalveolar lavage cells were screened for production of 
35 cytokines using in situ hybridization for mRNA. In situ hybridization signals 
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were detected for IL-2, IL-3, IL-4, IL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al., 1993 J. Allergy 
Clin. Immunol . 92, 313-24). Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al., 1993 Am. J. Respir. Cell. Mol. Biol. 9, 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
10 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing IL-4 
and IL-5 mRNA and an increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
15 allergen challenge (Bentley et al. v 1993 Am. J. Respir. Cell. Mol. Biol 8, 
35-42). Increased numbers of eosinophils and IL-2 receptor positive cells 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were observed. The number of cells expressing IL-5 
20 and GM-CSF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and normal individuals. However, eosinophils from 
asthmatic patients had greater leukotriene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3, IL-5 and GM-CSF in 
25 the circulation of asthmatics but not In normal individuals (Bruijnzeel et al., 
1992 Schweiz. Med. Wochenschr. 122,298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and the responsiveness to the bronchioconstriction substance 

30 P. A 30 mg/kg dose of antibody administered i.p. blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation of eosinophils (Mauser et 
aL, 1993 Am. Rev. R^pir, Dis - 148, 1623-7). In a separate study guinea 
pigs challenged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecoline after ovalbumin challenge 
5 (van Oosterhout et al. v 1 993 Am, Rev. Respir. Pis. 147, 548-52) 

Results obtained from human clinical analysis and animal studies 
indicate the role of activated T helper cells, cytokines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes I L- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophilia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T-cell- 
1 5 derived factors like IL-5 are responsible for the activation and maintainance 
of eosinophils (Kay, 1991 J. Allergy Clin. Immun. 87, 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophilia 
(accumulation of abnormally high levels of eosinophils in the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et al. v 1993 in Immunopharmacol. Eosinophils ed. Smith and 
25 Cook, pp. 193-216, Academic, London, UK) 

Parasitic infection-related eosinophilia- infections with 
parasites like helminths, can lead to severe eosinophilia (Cook et al., 1993 
supra). Animal models for eosinophilia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophilia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5. 

Pulmonary infiltration eosinophilia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1 990 J. Allerov Clin. Immunol. 85, 422). 
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L-Tryptophan-assoclated eosinophilia-myalgia syndrome 
(EMS)- The EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et al., 1 993 J Invest. Dermatol 100, 97s). Pathologic 
5 and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatory cells in patients with EMS. It appears that IL-5 
and transforming growth factor play a significant role In the development of 
EMS (Varga et al., 1993 supra) by activating eosinophils and other 
inflammatory cells. 

1 0 Thus, ribozymes of the present invention that cleave IL-5 mRNA and 

thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits IL-5 
function is described above; available cellular and activity assays are 

15 numerous, reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et al., 1993 
supra) and can be used to optimize activity. 

Example 3: NF-k-B 

Ribozymes that cleave rel A mRNA represent a novel therapeutic 
20 approach to inflammatory or autoimmune disorders. Inflammatory 
mediators such as Hpopolysaccharide (LPS), interleukin-1 (IL-1) or tumor 
necrosis factor-a (TNF-a) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation is known to be mediated by 
25 the transcriptional regulator, NF-kB. One subunit of NF-kB, the re/A gene 
product (termed RelA or p65) is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to its exquisite specificity, 
is particularly well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave mRNA encoded by rel A or 
30 TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity, NF-kB, was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 
in B cells. NF-kB now is known to activate transcription of a variety of other 
35 cellular genes (e.g., cytokines, adhesion proteins, oncogenes and viral 
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proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that is homologous to the 
oncogene, v-re/. The activity first described as NF-kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF-kB (encoded by the 
nf-KB2 or nf-KB1 genes, respectively) are generated from the precursors 
NF-kB1 (p105) or NF-kB2 (p100). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the rel A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al., 1992 Proc. Natl Anad fini 
USA 89, 1529-1533). For instance, the heterodimer of NF-kB1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-KB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.B. Shu, et al., Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-KB2/RelA (p49/p65) act with Tat-I to 
activate transcription of the HIV genome, while NF-kB 1/RelA (p50/p65) 
heterodimers have little effect (J. Liu, N.D. Perkins, R.M. Schmid, G.J. 

20 Nabel, J. Virol. 1992 66, 3883-3887). Similarly, blocking rel A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion; blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et al., 
1993 Mol- Cell. Biol. 13, 3802-3810). Thus, the promiscuous role initially 

25 assigned to NF-kB in transcriptional activation (M.J. Lenardo, D. Baltimore. 
1989 C_§ll 58, 227-229) represents the sum of the activities of the rel family 
of DNA-binding proteins. This conclusion is supported by recent transgenic 
"knock-out" mice of individual members of the rel family. Such "knock- 
outs" show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel family. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothioate antisense oliogonucleotide, 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAD-3 (an IkB family member). These agents have 
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been used to show that NF-kB is required for induction of a number of 
molecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated induction of IL-6 (I. 
Kitajima, et al., Science 258, 1792-5 (1992)) and IL-8 (Kunsch and Rosen, 
5 1993 Mol. Cell. Biol . 13. 6137-4fi) 

•NF-kB is required for induction of the adhesion molecules ICAM-1 
(Eck, et al., 1993 Mol. Celt. Biol. 13, 6530-6536), VCAM-1 (Shu et al., 
supra), and E-selectin (Read, et al., 1994 J. Exp. Med. 179, 503-512) on 
endothelial cells. 

1 0 »NF-kB is involved in the induction of the integrin subunit, CD1 8, and 

other adhesive properties of leukocytes (Eck et al., 1993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 

15 inflammation: glucocorticoids may exert their anti-inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stolpe, et al., 1994 j. Biol 
Chem - 269 - 6185-6192). Glucocorticoid receptor inhibits NF- K B-mediated 
induction of IL-6 (Ray and Prefontaine, 1994 Proc. Natl Anad. Sci USA 91 , 

20 752-756). Conversely, overexpression of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor virus promoter. Finally, protein 
cross-linking and co-immunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor (Id.). 

Ribozymes of this invention block to some extent NF-kB expression 
25 and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of relA mRNA in these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

30 The sequence of human and mouse re/A mRNA can be screened for 

accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 17, 18 and 21-22. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 19-22. Those in the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

10 By engineering ribozyme motifs we have designed several ribozymes 

directed against rel A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave re/A target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing cytokine- 
15 induced VCAM-1, ICAM-1, IL-6 and IL-8 expression levels. Ribozymes will 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. Cytokine-induced VCAM-1 , ICAM-1 , IL-6 and IL-8 expression will 
be monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
20 analysis. Rel A mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel-retardation assays. Ribozymes 
that block the induction of NF-kB activity and/or rel A mRNA by more than 
50% will be identified. 

25 RNA ribozymes and/or genes encoding them will be locally delivered 

to transplant tissue ex vivo in animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1 , ICAM- 
1, IL-6 and IL-8 mRNA and protein. The effect of the anti-re/ A ribozymes 
on graft rejection will then be assessed. Similarly, ribozymes will be 

30 introduced into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-reA4 ribozyme or a gene 
construct that constitutively expresses the ribozyme may abrogate 

35 inflammatory and immune responses in these diseases. 
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Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
5 treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below, in all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves rel A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

1 0 •Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 

15 synovium: high efficiency of gene transfer and expression for several 
months would be expected (BJ. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 

20 administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Restenosis. 

25 Expression of NF-kB in the vessel wall of pigs causes a narrowing of 

the luminal space due to excessive deposition of extracellular matrix 
components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition, NF-kB is required for the 
expression of the oncogene c-myb (F.A. La Rosa, J.W. Pierce, G.E. 

30 Soneneshein, Mol. Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 

•Transplantation. 
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NF-kB is required for the induction of adhesion molecules (Eck et aL, 
supra, K. O'Brien, et aL, J. Clin. Invest. 92, 945-951 (1993)) that function in 
immune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 
5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors. Recipients would receive the 
10 treatment prior to transplant. Treatment of a recipient with B cells that do 
not express T cell co-stimulatory molecules (such as ICAM-1, VCAM-1, 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

1 5 •Asthma. 

Granulocyte macrophage colony stimulating factor (GM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local induction of GM-CSF and other inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment. 

•Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
25 techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses Into existing 
30 adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave relA mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits NF-kB 
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function is described above; available cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima, et a!., supra) and for each of the suggested disease targets exist 
and can be used to optimize activity, 

5 Example 4: TNF- fl 

Ribozymes that cleave the specific cites in TNF-cc mRNA represent a 
novel therapeutic approach to inflammatory or autoimmune disorders. 

Tumor necrosis factor-a (TNF-a) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions. Injection of 
10 TNF-a into experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old, 

15 1985 Science 230, 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et al., 
1985 Nature 316, 552-554). The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-R (Shakhov et ah, 1990 

20 si. Exp T Med. 171,35-47). Both TNF-a and TNF-B bind to the same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et al. f 
1990 Science 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages, CD4+ and CD8+ T-cells, B-cells, lymphokine 

25 activated killer cells, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoietic tumor cell lines ( for a 
review see Turestskaya et al., 1991 in Tumor Necrosis Factor Structure. 
Function, and Mechanism qf APtion B. B. Aggarwal, J. Vilcek, Eds. Marcel 
. Dekker, Inc., pp. 35-60). TNF-a is regulated transcriptionally and 

30 translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et al., 1988 Cell 53, 45-53). 
Once secreted, the serum half life of TNF-a is approximately 30 minutes. 
The tight regulation of TNF-a is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-a 
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during infections can lead to severe systemic toxicity and death (Tracey & 
Cerami. 1992 Am. J. Troo. MrH Hyp 47, 9.7) 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression level of TNF-a by targeting specified 
5 cleavage sites [Sioud et al., 1992 J. Mol. Biol 223; 831; Sioud WO 
94/10301; Kisich and co-workers, 1990 abstract (FASEB .1. 4, A1860; 1991 
slide presentation (J. Leukocyte Biol, sup. 2, 70); December, 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDiego, CA; and 
"Development of anti-TNF-o ribozymes for the control of TNF-a gene 
10 expression"- Kisich, Doctoral Dissertation, 1993 University of California, 
Davis] listing various TNFo targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
15 of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 

20 hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5' to 3* in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 

25 ribozyme prior to testing in humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24, lower case letters indicate positions that are not conserved 
between the human and the mouse TNF-a sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 24, 26 - 28. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Tables 24 and 26 (5'-GG CCG AAAGGCC- 
3') can be altered (substitution, deletion, and/or insertion) to contain any 



30 



35 



WO 95/23225 



PCT/IB95/00156 



41 

sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 27 and 28 (5"-CACGUUGUG-3') can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
5 two base-paired stem structure can form. The sequences listed in Tables 
24, 26 - 28 may be formed of ribonucleotides or other nucleotides or non- 
nucleotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
10 expressing a ribozyme that cleaves TNF-o RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et al., 1992 
Circulation, 86, I-473.; Nabel et al., 1990 Science. 249, 1285-1288) and 
15 both vectors lead to transient gene expression. The adenovirus vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicle complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
20 injection catheter, stent or infusion pump or are directly added to cells or 
tissues ex vivo. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-«*= RNA is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

25 By engineering ribozyme motifs we have designed several ribozymes 

directed against TNF-a mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-a target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
30 bacterial lipopolysaccharide (LPS)-induced TNF-a expression levels. 
Ribozymes will be delivered to cells by incorporation into liposomes, by 
complexing with cationic lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA, by indirect 
immunofluoresence, and/or by FACS analysis. TNF-a mRNA levels will be 
35 assessed by Northern analysis. RNAse protection, primer extension 
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analysis or quantitative RT-PCR. Ribozymes that block the Induction of 
TNF-o activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
5 uptake, the peritoneal macrophages are harvested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF-a secretion are 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
10 localized inflammatory response are evaluated. In addition, we will 
determine if the ribozymes can block an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus. 

To examine the effect of anti-TNF-a ribozymes on systemic 
15 inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similarly, TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
20 associated virus vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
25 these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thioglycollate 
broth (Difco, Detroit, Ml.) was injected i.p. into 6 week old female 
. C57bl/6NCR mice 3 days before peritoneal lavage. Mice were maintained 
30 as specific pathogen free in autoclaved cages in a laminar flow hood and 
given sterilized water to minimize "spontaneous" activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced salt solution (HBSS) and were plated at 
2.5X1 05/well in 96 well plates (Costar, Cambridge, MA.) with Eagles 
35 minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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bovine serum. After adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase. 

Transfection of ribozymes into macrophages: 

5 The ribozymes were diluted to 2X final concentration, mixed with an 

equal volume of 11nM lipofectamine (Life Technologies, Gaithersburg, 
MD.), and vortexed. 100 ml of lipid:ribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacterial 
10 lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-a in mouse macrophages: 

Supernatants were sampled at 0, 2, 4, 8, and 24 hours post LPS 
stimulation and stored at -70°C. Quantitation of TNF-a was done by a 

1 5 specific ELISA. ELISA plates were coated with rabbit anti-mouse TNF-a 
serum at 1:1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-a containing supernatants. TNF-a was then 
detected using a murine TNF-a specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 

20 to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/Iipid treatment of macrophages and harvesting of 
supernatants viability of the cells was assessed by incubation of the cells 
with 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
25 bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases, the activity of which correlates well with cell viability. After 
12 hours the absorbance of reduced MTT is measured at 585 nm. 

Uses 

The association between TNF-a and bacterial sepsis, rheumatoid 
30 arthritis, and autoimmune disease make TNF-a an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 supra: Williams et al., 1992 
Proc. Natl, Acad, Sci. USA 89, 9784-9788; Jacob, 1992 J. Autoimm.m 5 
(Supp. A), 133-143]. " 
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Septic Shock 

Septic shock is a complication of major surgery, bacterial infection, 
and polytrauma characterized by high fever, increased cardiac output,' 
reduced blood pressure and a neutrophilic infiltrate into the lungs and 
5 other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal anti-inflammatories to reduce 
fever. Despite these treatments in the best intensive care settings, mortality 
from septic shock averages 50%, due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an Incidence of 

1 0 200,000 cases per year in the United States, Is the major cause of death in 
intensive care units. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not normally detected in the serum, 
such as TNF-a, interieukin-16 (IL-113), ^interferon (IFN-y), interieukin-6 (IL- 

15 6), and interleukin-8 (IL-8). Other non-cytokine mediators such as 
leukotriene b4, prostaglandin E2, C3a and C3d also reach high levels (de 
Boer et al., 1992 I mmunopharmacology 24, 135-148). 

TNF-a is detected early in the course of septic shock in a large fraction 
of patients (de Boer et al., 1992 supra). In animal models, injection of TNF- 

20 « has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et al., 1985 Science 229, 869-871); in contrast, 
injection of IL-113, IL-6, or IL-8 does not induce shock. Injection of TNF-a 
also causes an elevation of IL-113, IL-6, IL-8, PgE 2 , acute phase proteins, 
and TxA 2 in the serum of experimental animals (de Boer et al., 1992 

25 §upia). In animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-a antibodies, the cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic intervention. 



30 



Rheumatoid Arthritis 



35 



Rheumatoid arthritis (RA) is an autoimmune disease characterized by 
chronic inflammation of the joints leading to bone destruction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and immunostaining patterns. RA joints have been shown to 
contain elevated levels of TNF-a, IL-1a and IL-16, IL-6. GM-CSF. and TGF- 
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B (Abney et al., 1991 Imm. Rev. 119, 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Cells cultured from RA joints spontaneously secrete all of the pro- 
inflammatory cytokines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-1o/B production by these 
cells to undetectable levels (Abney et al., 1991 Supra) . Thus, TNF-a may 
directly induce the production of other cytokines In the RA joint. Addition of 
the anti-inflammatory cytokine, TGF-B, has no effect on cytokine secretion 
by RA cultures. Immunocytochemical studies of human RA surgical 

10 specimens clearly demonstrate the production of TNF-a, IL-1a/B, and IL-6 
from macrophages near the cartilage/pannus junction when the pannus in 
invading and overgrowing the cartilage (Chu et al., 1992 Br. J. 
Rheumatology 31 , 653-661). GM-CSF was shown to be produced mainly 
by vascular endothelium in these samples. Both TNF-a and TGF-B have 

15 been shown to be fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint. TNF-a has also been shown to 
increase osteoclast activity and bone resorbtion, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et al., 1992 Clin. 
Exp. Immunol. 89,244-250). 

20 Elimination of TNF-a from the rheumatic joint would be predicted to 

reduce overall inflammation by reducing induction of MHC class II, IL-1a/B, 
II-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint. Finally, elimination 
of TNF-a would be expected to reduce accumulation of scar tissue within 

25 the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-a antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et al., 
1992 Proc. Natl. Acad. $ci. USA 89, 9784-9788). In addition, a study of RA 
patients who have received i.v. infusions of anti-TNF-a monoclonal 
30 antibody reports a reduction in the number and severity of inflamed joints 
after treatment. The benefit of monoclonal antibody treatment in the long 
term may be limited by the expense and immunogenicity of the antibody. 

Psoriasis 

Psoriasis is an inflammatory disorder of the skin characterized by 
35 keratinocyte hyperproliferation and immune cell infiltrate (Kupper, 1990 ^ 
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Clin. Invest. 86, 1783-1789). It is a fairly common condition, affecting 1.5- 
2.0% of the population. The disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving inflammation of the entire 
epidermis. The cellular infiltrate of psoriasis includes T-lymphocytes, 
5 neutrophils, macrophages, and dermal dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the T H -1 phenotype, although 
some CD8+ and CD47CD8* are also present. B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
10 psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves, 1991 
15 Semin. Dermatol. 10. 217). 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-a , IL-1a, IL-1B, IL-1ra, IL-6, IL-8, \FN-y, and TNF-a . In addition 
to abnormal cytokine production, elevated expression of ICAM-1 , ELAM-1 , 

20 and VCAM has been observed (Reeves, 1991 supra) . This cytokine profile 
is similar to that of normal wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF, TGF-a, IL-6. and 
TNF-a, which could increase proliferation in an autocrine fashion (Oxholm 

25 et at., 1991 APMiS 99, 58-64). 

Nickoloff et al., 1993 U Dermatol Sci. 6. 127-33) have proposed the 
following model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin. 
Keratinocytes secrete IL-1a, IL-1B, IL-6, IL-8, TNF-a. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs, 
macrophages, and T-cells into the wound site. 

Dermal dendrocytes near the dermal/epidermal junction remain 
activated when they should return to a quiescent state, and subsequently 
secrete cytokines including TNF-a, IL-6, and IL-8. Cytokine expression, in 
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turn, maintains the activated state of the endothelium, allowing 
extravasation of additional immunocytes, and the activated state of the 
keratinocytes which secrete TGF-oc and IL-8. Keratinocyte IL-8 recruits 
immunocytes from the dermis into the epidermis. During passage through 
5 the dermis, T-cells encounter the activated dermal dendrocytes which 
efficiently activate the T H -1 phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyte- 
expressed ICAM-1 and MHC class II. IFN-y secreted by the T-cells 
synergizes with the TNF-cx from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production. 
IFN-y also feeds back to the dermal dendrocyte, maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum titres of IL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
15 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-a expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes, and IFN^y expression by T-cells to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), LIDEX 

25 (fluocinonide), DIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE formulated for topical 
application. The mechanism of action of corticosteroids is multifactorial. 
This is a palliative therapy because the underlying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or Inflamed areas is required. Alternative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Alternative retinoid-based 
treatments are in advanced clinical trials. Retinoids act by converting 
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keratinocytes to a differentiated state and restoration of normal skin 
development. Immunosuppressive drugs such as cyclosporine are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is life-threatening or disabling. There 
is a need for a less toxic, effective therapeutic agent In psoriatic patients. 

HIV and AIDS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
syndrome (AIDS). These changes include a shift in the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF- 
cc and TNF-B levels, hypergammaglobulinemia, and lymphoma/leukemia 
15 (Rosenberg & Fauci, 1990 Immun. Today 11, 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor, Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carina, 
cytomegalovirus, herpesviruses, hepatitis viruses, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-cc and IL-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 supra ). In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-cc and IL-6. This response has been reproduced using purified gp120, 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al. a 
1992 >L Virol. 66, 7159). It has also been demonstrated that the viral gene 
regulator, Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-o and IL-6 may be an adaptive 
mechanism of the virus. TNF-a has been shown to upregulate transcription 

30 of the LTR of HIV, increasing the number of HIV-specific transcripts in 
infected cells. IL-6 enhances HIV production, but at a post-transcriptional 
level, apparently increasing the efficiency with, which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-a secretion by the HIV 
virus may promote infection of neighboring CD4+ cells both by enhancing 

35 virus production from latently Infected cells and by driving replication of the 
virus in newly infected cells. 
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The role of TNF-a in HIV replication has been well established in 
tissue culture models of infection (Sher et al., 1992 Immun. Rev. 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
5 presence of such positive feedback in infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
Children with AIDS who were given zidovudine had reduced levels of TNF- 
a compared to those not given zidovudine (Cremoni et aL, 1993 AIDS 7, 
128). This correlation lends support to the hypothesis that reduced viral 
10 replication is physiologically linked to TNF-a levels. Furthermore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
infection is due to membrane-bound TNF-a. Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

15 Chronic elevation of TNF-a has been shown to shown to result in 

cachexia (Tracey et al., 1992 Am. J. Trop. Meri Hy g 47, 2-7), increased 
autoimmune disease (Jacob, 1992 supra) , lethargy, and immune 
suppression in animal models (Aderka et aL, 1992 Isr. J. Med. Sni 28, 126- 
130). The cachexia associated with AIDS may be associated with 

20 chronically elevated TNF-a frequently observed in AIDS patients. 
Similarly, TNF-a can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AIDS patients (Barillari et al., 1992 J 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
25 adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
30 immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment. 



•Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with cationic lipids. 

•Rheumatoid arthritis (RA). 

5 Due to the chronic nature of RA, a gene therapy approach is logical. 

Delivery of a ribozyme to Inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 

10 months would be expected (BJ. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 

1 5 vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Psoriasis 

The psoriatic plaque is a particularly good candidate for ribozyme or 
20 vector delivery. The stratum corneum of the plaque is thinned, providing 
access to the proliferating keratinocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described in current literature (Nickoloff et al., 1993 Supra) . 
25 Primary human keratinocytes are easily obtained and will be grown into 
epidermal sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse develops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

30 »Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
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vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
adenovirus or retrovirus constructs will greatly enhance their potential. 

5 Thus, ribozymes of the present invention that cleave TNF-a mRNA 

and thereby TNF-a activity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible indications. Development of an effective ribozyme that inhibits 
TNF-a function is described above; available cellular and activity assays 
1 0 are number, reproducible, and accurate. Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Fy fl "ipl ot; - p?ipbcr-abl 

Chronic myelogenous leukemia exhibits a characteristic disease 
15 course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving into an acute leukemia which is caused by the clonal 
expansion of a cell with a less differentiated phenotype (j^ the blast crisis 
stage of the disease), CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
20 lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busulfan can reduce the 
leukemic burden but do not impact the life expectancy of the patient 
approximately 4 years). Consequently, CML patients are candidates for 
bone marrow transplantation (BMT) therapy. However, for those patients 
25 which survive BMT, disease recurrence remains a major obstacle 
(Apperley et al., 1 988 Br. J. Haematol 69, 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abl oncogene from chromosome 9 to the bcr gene on 
chromosome 22 is found in greater than 95% of CML patients and in 10- 

30 25% of all cases of acute lymphoblastic leukemia [(ALL); Fourth 
International Workshop on Chromosomes in Leukemia 1982, Cancer 
Genet. Cytoqenef. 11, 316]. In virtually all Ph-positive CMLs and 
approximately 50% of the Ph-positive ALLs, the leukemic cells express bcr- 
abl fusion mRNAs in which exon 2 (b2-a2 junction) or exon 3 (b3-a2 

35 junction) from the major breakpoint cluster region of the bcr gene is spliced 
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to exon 2 of the abl gene. Heisterkamp et al., 1985 Nature 315, 758; 
Shtivelman et al., 1987, Blood 69, 971). In the remaining cases of Ph- 
positive ALL, the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et al., 1989 Proc. Nat. Acad. Sri. tlRA 86, 4259; 
5 Heisterkamp et al.. 1988 Nucleic Acids Res. 16.10069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abl fusion 
proteins which exhibit oncogenic activity (Daley et al., 1990 Science 247, 
824; Heisterkamp et al., 1990 Nature 344, 251). The importance of the bcr- 
abl fusion protein (p210 bcr - abl ) in the evolution and maintenance of the 
10 leukemic phenotype in human disease has been demonstrated using 
antisense oligonucleotide inhibition of p2-\0 bcr ' abl expression. These 
inhibitory molecules have been shown to inhibit the in vitro proliferation of 
leukemic cells in bone marrow from CML patients. Szczylik et al., 1991 
Science 253, 562). 

15 Reddy, U.S. Patent 5,246,921 (hereby incorporated by reference 

herein) describes use of ribozymes as therapeutic agents for leukemias, 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abl fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 

20 specifically it includes cleavage at the sequence GUX, where X is A, U or 
G. The one example presented is to cleave the sequence 5' AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624, and WO 91/18913 and 
Snyder et al., WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H-ras RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype in man and other animals by 
. modulating expression of a gene that contributes to the expression of CML. 
30 Cleavage of targeted mRNAs expressed in pre-neoplastic and transformed 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or pre-neoplastic 
conditions. Two preferred administration protocols can be used, either in 
yjyo. administration to reduce the tumor burden, or ex vivo treatment to 
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eradicate transformed cells from tissues such as bone marrow prior to 
reimplantation. 

This invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 
5 CML The mRNA targets are present in the 425 nucleotides surrounding 
the fusion sites of the bcr and abl sequences in the b2-a2 and b3-a2 
recombinant mRNAs. Other sequences in the 5' portion of the JbcrmRNA or 
the 3* portion of the ab/mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 
1 0 inhibition of translation of the fusion protein in treated cells. 

The invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML. Such 
enzymatic RNA molecules can be delivered exogenously or endogenously 
to afflicted cells. In the preferred hammerhead motif the small size (less 
1 5 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Rossi et aL 1992 supra) is an m vitro transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only ex yjvo treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA structure. Thus, unlike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 
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replication. This is possible because the ribozymes are designed to 
disable those structures required for successful cellular proliferation. 

Ribozymes of this invention block to some extent p210 fecr * a ^ 
expression and can be used to treat disease or diagnose such disease. 
5 Ribozymes will be delivered to cells in culture and to tissues in animal 
models of CML. Ribozyme cleavage of bcr/abl mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abl mRNA can be screened for 
accessible sites using a computer folding algorithm. . Regions of the mRNA 
10 that did not form secondary folding structures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Table 29 (All sequences are 5' to 3' in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

1 5 The sequences of the chemically synthesized ribozymes most useful 

in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 

20 hammerhead ribozymes listed in Table 30 (5'-GGCCGAAAGGCC-3') can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem structure can form. The 
sequences listed in Tables 30 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 

25 ribozymes described specifically in the fables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-abl mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance as described 
. above. These ribozymes cleave bcr-abl target sequences in vitro. 

30 The ribozymes are tested for function in vivo by exogenous delivery to 

cells expressing bcr-abl. Ribozymes are delivered by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA vectors. Expression of bcr-abl is monitored by 
ELISA, by indirect immunofluoresence, and/or by FACS analysis. Levels of 
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bcr-abl mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Ribozymes that block the induction of p2W bcr ' abl ) protein and mRNA by 
more than 20% are identified. 

5 Example 6: RSV 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the inhibition 
of RSV replication. 

RSV is a member of the virus family paramyxoviridae and is classified 
10 under the genus Pneumovirus (for a review see Mcintosh and Chanock, 
1990 in Virology ed. B.N. Fields, pp. 1045, Raven Press Ltd. NY). The 
infectious virus particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
stranded non-segmented RNA associated with repeating subunits of 
15 capsid proteins to form a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 - 300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected cells and the nucleocapsid never reaches the nuclear 
20 compartment (Hall, 1990 in Principles and Practice of Infectious Diseases 
ed. Mandell et al., Churchill Livingstone, NY). 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected cell 
(SH), and two nonstructural proteins [NS1 (1C) and NS2 (1B)] found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5' 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Barik et al., 1992 J. Virol. 66, 
6813). The order of transcription corresponding to the protein assignment 
on the genomic RNA is 1C, 1B, N, P, M. SH, G, F, 22K and L genes (Huang 
et al., 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and 1B mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV, A and B. which can 
circulate simultaneously in the community in varying proportions in different 
5 years (Mcintosh and Chanock, supra). Subgroup A usually predominates. 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 

1 0 determinates result primarily from both surface glycoproteins, F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however, A and B subgroups may be 
related antigenically by as little as a few percent. On the nucleotide level, 
however, the majority of the divergence in the coding region of G is found 

15 in the sequence for the extracellular domain (Johnson et al., 1987, Proc. 
Natl. Acad. Sci. USA 84, 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90,000 hospitalizations' and 4500 
20 deaths in the United States alone (Update: respiratory syncytial virus 
activity - United States, 1993, Mmwr Morb Mortal Wkly Rep, 42, 971). 
Infection with RSV generally outranks all other microbial agents' leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age, immunity is not complete and reinfection of older children 
and adults, especially hospital care givers (Mcintosh and Chanock, supra), 
is not uncommon. Immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 

Uneventful RSV respiratory disease resembles a common cold and 
30 recovery is in 7 to 1 2 days. Initial symptoms (minorrhea, nasal congestion, 
slight fever, etc.) are followed in 1 to 3 days by lower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required. In infants with underlying cardiac or 
35 respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modem intensive care however, overall mortality is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock, supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 
5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV infection (Tristam etaL, 1993, 
J. Infect. Dis. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota et a/., 
10 1992 J. Vet. Med. Sci. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors et a/., 1992 J. Virol. 66, 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

1 5 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man, 3rd edition. 1990.. (eds. GJ. Galasso, R.J. Whitley, and 
T.C. Merigan) Raven Press Ltd.. NY.]. Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Chanock, supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underlying bronchopulmonary or cardiac 

25 disease. Inhibition of the viral polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is Inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. G.J. 
Galasso, R.J. Whitley, and T.C. Merigan) Raven Press Ltd., NY]. Since 

30. ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization, it can be assumed that the target cells are at or near the 
epithelial surface. In this regard, RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra). 

35 Jennings et at., WO 94/13688 indicates that targets for specific types 

of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used in a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
5 invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecules 
described are targeted to the NS1 (1C), NS2 (1B) and N viral genes. 
These genes are known in the art (for a review see Mcintosh and Chanock, 
1990 supra). 

1 0 Ribozymes that cleave the specified sites in RSV mRNAs represent a 

novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their inhibitory effect. Those of 
ordinary skill in the art, will find that it is clear from the examples described 

1 5 that other ribozymes that cleave these sites in RSV mRNAs encoding 1C, 
1B and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the art, will find that it is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV (P, M, SH, G, F, 22K and L) and the genomic RNA may be readily 

20 designed and are within the invention. 

In preferred embodiments, the ribozymes have binding arms which 
are complementary to the sequences in Tables 31, 33, 35, 37 and 38. 
Examples of such ribozymes are shown in Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
25 Tables. By "consists essentially of is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding arms able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

30 Ribozymes of this invention block to some extent RSV production and 

can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA in these systems may alleviate disease symptoms. 
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While all ten RSV encoded proteins (1C, 1B, N, P, M, SH, 22K, F, G, 
and L) are essential for viral life cycle and are all potential targets for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others. For example RSV encoded proteins 1C, 
5 1B, SH and 22K are not found in other members of the family 
paramyxoviridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
significant sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson et a/., 1987 supra). RSV proteins 1C, 1B and N 
10 are highly conserved among various subtypes at both the nucleotide and 
amino acid levels. Also, 1C, 1B and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, 1B and N 
proteins are screened for accessible sites using a computer folding 
15 algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31, 33, 34, 37 and 38 (All 
sequences are 5' to 3' in the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. 

20 Ribozymes of the hammerhead or hairpin motif are designed to 

anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for normal RNA synthesis as described in Usman et 

25 a/., 1987 J. Am. Chem. Soc, 109, 7845,7854 and in Scaringe et al., 1990 
Nucleic Acids Res., 18. 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramidites at the 3'-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 

30 G5 and a U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res., 
20, 3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

35 Uhlenbeck, 1989, Methods Enzymol. 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example, 2'-amino, 2-C-allyl, 2'-flouro, 2'-o-methyl, 2'-H (for a 
review see Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 32, 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (all but the binding 
arms) is altered to affect activity. For example, stem-loop II sequence of 

10 hammerhead ribozymes listed in Tables 32 and 34(5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (S'-CACGUUGUG-S') can be altered (substitution, 

1 5 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous, common cell lines can be infected with RSV for 
25 experimental purposes. These include HeLa, Vero and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human viruses. Rapid clinical diagnosis is through the use of kits designed 
. for the immunofluorescence staining of RSV-infected cells or an ELISA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northern analysis, RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C, 1B and N protein encoding 
mRNAs by more than 90% will be identified. 
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Optimizing Ribozyme Activity 

Ribozyme activity can be optimized as described by Draper et al., PCT 
W093/23569. The details will not be repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 
5 ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g., Eckstein et al., International Publication No. 
WO 92/07065; Perrault et al., 1990 Nature 344, 565; Pieken et al., 1991 
Science 253, 314; Usman and Cedergren, 1992 Trends in Riochem. fini 
17, 334; Usman et al., International Publication No. WO 93/15187; and 

10 Rossi et al., International Publication No. WO 91/03162, as well as 
Jennings et al., WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. All these publications are hereby incorporated by reference 
herein.), modifications which enhance their efficacy in cells, and removal of 

15 stem II bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al., PCT WO94/02595, incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 

20 those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsules, and 
bioadhesive microspheres. The RNA/vehicje combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 

25 Alternative routes of delivery include, but are not limited to, intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et al., supra and Draper, et al., 

30 supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II 
35 (pol II), or RNA polymerase III (pol III). Transcripts from pol II or pol III 
promoters will be expressed at high levels in all cells; the levels of a given 
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pol II promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells 
5 (Elroy-Stein and Moss, 1990 Proc. Natl. Acad Sci 11 S A, py r7ai. 7 . Gao 
and Huang 1993 Nucleic Acids Res .. 21, 2867-72; Lieber et al., 1993 
Methods Enzvmol.. 217, 47-66; Zhou et al., 1990 Mot. Cell. Bjoj 10, 4529- 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 et al., 1992 Antisense Res. Dev., 2, 3-15; Ojwang et al., 1992 Proc. Natl. 
Acad. Sci, U $ A, 89, 10802-6; Chen et al., 1992 Nucleic Acids Rp* , 20, 
4581-9; Yu et al.. 1993 Proc. Natl. Acad. firi 1 1 r a on mak-a. fHuillier 
et al., 1992 EMBQ J, 11, 4411-8; Lisziewicz et al., 1993 Proc. Natl. Acari 
$ci. U- $■ A„ 90, 8000-4). The above ribozyme transcription units can be 

1 5 incorporated into, a variety of vectors for introduction into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 

In a preferred embodiment of the invention, a transcription unit 
20 expressing a ribozyme that cleaves target RNA is inserted into a plasmid 
DNA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman, 1989 Science 244, 1275-1281; Roemer and Friedman, 1992 
25 Eur. J, Biochem. 208, 211-225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehicle complexes, or the recombinant virus 
particles are locally administered to the site of treatment, e.g., through the 
30 use of a catheter, stent or infusion pump. 

Diagnostic uses 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By 
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nucleotide changes which are important to RNA structure and function in 
vitro, as well as in cells and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
(e.g., multiple ribozymes targeted to different genes, ribozymes coupled 

10 with known small molecule Inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other in vitro uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1 , 
relA, TNF-a, p210, bcr-abl or RSV related condition. Such RNA is detected 

1 5 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to Identify wild-type RNA present in the sample and the second 

20 ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the "non- 
targeted" RNA species. The cleavage products from the synthetic 

25 substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes, two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 

30 cleavage fragments of each RNA can be analyzed in one lane of a 
polyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 

35 (i.e., ICAM-1, rel A, TNF~, p210bcr-abl or RSV ) j s adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 
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decrease the cost of the Initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

II. Chemical Synthesis Of Ribozymes 

5 There follows the chemical synthesis, deprotection, and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has determined that the 
synthesis of enzymatically active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

10 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in terms of both yield and time, that correct exocyclic amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the alkylsilyl protecting 
groups on the 2 , -hydroxyt are used, and that the correct work-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in terms of yield and biological activity of 
a large RNA molecule (i.e., about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 

20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryl or benzoyl for cytidine, and isobutyryl for guanosine, which may 
be removed at the end of the synthesis by incubating the RNA in NH3/EtOH 

25 (ethanolic ammonia) for 20 h at 65 °C. in the case of the phenoxyacetyl 
type protecting groups shown in Figure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine, an incubation in ethanolic 
ammonia for 4 h at 65 °C is used to obtain complete removal of these 
protecting groups. Removal of the alkylsilyl 2'-hydroxyl protecting groups 

30 can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanol precipitation, or an anion exchange 
cartridge desalting, as described in Scaringe et a/. Nucleic Acids Res 
35 1 990, 18, 5433-5341 . The purification of the long RNA sequences may be 
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accomplished by a two-step chromatographic procedure in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5' position on or off. This purification is accomplished using an 
acetonitrile gradient with triethylammonium or bicarbonate salts as the 
5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na+, U+ etc. A 
10 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme, but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (se e Tables 39-41) 
15 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1. Using 5-S-alkyltetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amidite during the coupling step. (By delivered Is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vide supra, to 5-10 m. 
Alkyl, as used herein, refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain, and cyclic alkyl groups. Preferably, the 
alkyl group has 1 to 12 carbons. More preferably it is a lower alkyl of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S. N0 2 or N(CH 3 ) 2 , amino, or SH. 
The term also includes alkenyl groups which are unsaturated hydrocarbon 
groups containing at least one carbon-carbon double bond, including 

35 straight-chain, branched-chain, and cyclic groups. Preferably, the alkenyl 
group has 1 to 12 carbons. More preferably it is a lower alkenyl of from 1 to 



WO 95/23225 



PCT/1B95/00156 



66 

7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 , halogen, N(CH 3 ) 2 . 
amino, or SH. The term "alky!" also includes alkynyl groups which have an 
5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain, and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 
1 0 substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 or 
N(CH 3 )2, amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic atyl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 
aromatic group which has at least one ring having a conjugated it electron 

15 system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 
alkyl group (as described above) covalently joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

30 2 - Using 5-S-alkyhetrazole at an effective, or final, concentration 

of 0.1-0.35 M for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra, 
to 5-10 m. 

3. Using alkylamine (MA, where alkyl Is preferably methyl, ethyl, 
35 propyl or butyl) or NhUOH/alkylamine (AMA, with the same preferred alkyl 
groups as noted for MA) @ 65 °C for 10-15 m to remove the exocyclic 
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amino protecting groups (vs 4-20 h @ 55-65 °C using NH 4 OH/EtOH or 
NH3/EtOH, vide supra). Other alkylamines, e.g. ethylamine, propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triethyIamine«hydrogen fluoride (aHF»TEA) 
5 @ 65 °C for 0.5-1 .5 h to remove the 2'-hydroxyl alkylsilyl protecting group 

(vs 8 - 24 h using TBAF, vide supra or TEA«3HF for 24 h (Gasparutto et at. 
Nucleic Acids Res. 1992, 20, 5159-5166). Other alkylamine«HF 
complexes may also be used, e.g. trimethylamine or diisopropylethylamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
10 fully deprotected RNA. These resins include, but are not limited to, 

quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NA100®, Mono-Q®, Poros- 
Q®. 

Thus, the invention features an improved method for the coupling of 
15 RNA phosphoramidites; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2'-hydroxyl alkylsilyl protecting 
groups. Such methods enhance the production of RNA or analogs of the 
type described above (e.g., with substituted 2-groups), and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
20 enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be performed with the alternative chemicals noted 
above, which can be optimized and selected by routine experimentation. 

In another aspect, the invention features an improved method for the 
25 purification or analysis of RNA or enzymatic RNA molecules (e.g. 28-70 
nucleotides in length) by passing said RNA or enzymatic RNA molecule 
over an HPLC, e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

30 Draper et al., PCT W093/23569, incorporated by reference herein, 

disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particularly in conjunction with alkali perchlorate salts. This system may be 
used to purify very long RNA molecules, in particular, it is advantageous to 
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use a Dionex NucleoPak 100® or a Pharmacia Mono Q® anion exchange 
column for the purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.g., 
lithium, magnesium or calcium perchlorate, yields the corresponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
10 is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e.g. 
polystyrene based, reverse-phase media, using either a 5-trityl-on or 5'- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
1 5 and then submitted to an anion exchange purification step as described 
above. 

The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or C18 column having 
30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 jim, preferably 5 ixm. 

Activation 

The synthesis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the use of tetrazole as an 
35 activator of RNA phosphoramidites is known (Usman et a/. J. Am. Chem. 



WO 95/23225 



PCT/IB95/00156 



69 

Soc. 1987, 109, 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazole is allowed to react with the RNA phosphoramidite and 
couple with the polymer bound 5'-hydroxyl group for 10 m. Applicant has 
determined that using 0.25-0.5 M solutions of 5-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure. 

Example 7: Synthesis of RNA and Ribo zvmes Usino 5-S-Alky ltPtmmioc 
as Activating Aoent 

The method of synthesis used follows the general procedure for RNA 
10 synthesis as described In Usman et al., 1987 supra and in Scaringe et al., 
Nucleic Acids Res. 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 
5'-end, and phosphoramidites at the 3'-end. The major difference used 
was the activating agent, 5-S-ethyl or -methyltetrazole @ 0.25 M 
1 5 concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABI) synthesizer 
using a modified 2.5 pmol scale protocol with a reduced 5 min coupling 
step for alkylsilyl protected RNA and 2.5 m coupling step for 2'-0- 
methylated RNA. A 6.5-fold excess (162.5 u1_ of 0.1 M = 32.5 umol) of 

20 phosphoramidite and a 40-fold excess of S-ethyl tetrazole (400 uL of 0.25 
M = 100 jimol) relative to polymer-bound 5'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 

25 2% TCA in methylene chloride; capping was performed with 16% /V-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2 , 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 

30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amidite 
port capacity) 390Z (ABI) synthesizer using a 25 umol scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for 2'-0-methylated RNA. A six-fold excess (1 .5 mL of 0.1 M = 150 u/nol) of 
35 phosphoramidite and a forty-five-fold excess of S-ethyl tetrazole (4.5 mL of 
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0.25 M = 1125 umol) relative to polymer-bound 5-hydroxyi was used in 
each coupling cycle. Average coupling yields on the 390Z, determined by 
colorimetric quantitation of the trityl fractions, was 95.0-96.7%. 
Oligonucleotide synthesis reagents for the 390Z: Detritylation solution was 
5 2% DCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2l 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M in acetonitrile) was made up 
1 0 from the solid obtained from Applied Biosystems. 

Deprotection 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH 4 OH/EtOH:3/1 (Usman et al. J. Am. Chem. Soc. 1987, 109, 7845- 
15 7854) or NHyEtOH (Scaringe et al. Nucleic Acids Res. 1990, 18, 5433- 
5341) for -20 h @ 55-65 °C. Applicant has determined that the use of 
methylamine or NH40H/methylamine for 10-15 min @ 55-65 °C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8: RNA and Ribozyme De protection nf Exocvctic Amii^ 
20 Protecting Groups Using Methvlamins (MA) nr KiHj QH/Methvlaming ( AMA) 

The polymer-bound oligonucleotide, either trityl-on or off, was 
suspended in a solution of methylamine (MA) or NH 4 OH/methylamine 
(AMA) @ 55-65 °C.for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transferred from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine were pre-mixed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 °C for 5-15 min. After cooling to -20 "C, the supernatant was 
removed from the polymer support. The support was washed with 1.0 mL 

30 of EtOH:MeCN:H 2 0/3:1 :1 , vortexed and the supernatant was then added to 
the first supernatant. The combined supernatants, containing the 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamine reagent. 

Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection. 
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The second step of the deprotection of RNA molecules may be 
accomplished by removal of the 2'-hydroxyl alkylsilyl protecting group 
using TBAF for 8-24 h (Usman et al. J. Am. Chem. Soc. 1987, 109, 7845- 
7854). Applicant has determined that the use of anhydrous TEA«HF in N- 
5 methylpyrrolidine (NMP) for 0.5-1 .5 h @ 55-65 °C gives equivalent or better 
results. The following exemplifies this procedure. 

Example 9; RNA and Ribozvme Deprotection o f 2'-Hvdroxyt AUcytenyi 
Protecting Groups Using Anhydrous TEA*HF 

To remove the alkylsilyl protecting groups, the ammonia-deprotected 
10 oligoribonucleotide was resuspended in 250 pL of 1.4 M anhydrous HF 
solution (1.5 mL /V-methylpyrrolidine, 750 uL TEA and 1.0 mL TEA»3HF) 
and heated to 65 °C for 1.5 h. 9 mL of 50 mM TEAB was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500® anion 
exchange cartridge (Qiagen Inc.) prewashed with 10 mL of 50 mM TEAB. 
1 5 After washing the cartridge with 1 0 mL of 50 mM TEAB, the RNA was eluted 
with 1 0 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkylsilyl deprotection. 

Example 10: H PLC Purification. Anion Exchange colnrpn 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was Injected onto 
either a Pharmacia Mono Q® 16/10 or Dionex NucleoPac® column with 
100% buffer A (10 mM NaCI0 4 ). A gradient from 180-210 mM NaCI0 4 at a 
rate of 0.85 mM/void volume for a Pharmacia Mono Q® anion-exchange 

25 column or 100-150 mM NaCI0 4 at a rate of 1.7 mM/void volume for a 
Dionex NucleoPac® anion-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucleoPac® 
column. Fractions containing full length product at £80% by peak area 
were pooled. 

30 For a trityl-off large scale synthesis, the crude material was desalted 

by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 
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300 mM sodium perchlorate. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material in the synthesis. 
The eluent was diluted four fold in sterile H 2 0 to lower the salt 
concentration and applied to a Pharmacia Mono Q® 16/10 column. A 
5 gradient from 10-185 mM sodium perchlorate was run over 4 column 
volumes to elute shorter sequences, the full length product was then eluted 
in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 
The fractions of interest were analyzed on a HP-1090 HPLC with a Dionex 
NucleoPac® column. Fractions containing over 85% full length material 
10 were pooled. The pool was applied to a Pharmacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 

15 column. The column was thoroughly washed with 20 mM NH4CC>3H/10% 
CH3CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH4CC-3H/10% acetonltrile. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH 4 C0 3 H/25% CH3CN, 
buffer A = 20 mM NH 4 CO 3 H/10% CH3CN) was run over 35 column 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac® column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detritylation with 80% acetic acid, dried down immediately, resuspended in 
sterile H 2 0, dried down and resuspended in H 2 0 again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPac® column. The 
material was purified by anion exchange chromatography as in the trityl-off 
•scheme (vide supra). 

30 Example 1 1 Ribozvme Activity Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'- 
end labeled ribozymes (-36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 jiM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
35 concentrations were - 1 nM. Total reaction volumes were 50 pL. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCI 2 . Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
\iL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
5 performed using a phosphorimager (Molecular Dynamics). 

Example 12: One pot deprotection of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

10 prior to the deprotection of the sugar 2-hydroxyl groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g., 100 \in\o\) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methylamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 °C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2'-hydroxyl groups is 
then carried out in the same container for 90 min in a TEA«3HF reagent. 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fig. 13 . hammerhead ribozyme targeted to site B is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar full-length product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Referring to Fig. 14, hammerhead ribozymes targeted to site B (frorii 
30 Fig. 13) are tested for their ability to cleave RNA. As shown in the figure 14 . 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 



WO 95/23225 PCT/IB95/00156 

74 

Example 12a*.lmproved protocol for the synthesis of Phosphorothioate 
containino RNA and ribo yymes using 5-S-Alkyltetrazoles as Activating 
Agent 

The two sulfurizing reagents that have been used to synthesize 
5 ribophosphorothioates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbein, 1991 Tetrahedron Letter 31, 3005), and 3H-1 ,2-benzodithiol-3- 
one 1,1-dioxlde (Beaucage reagent; Vu and Hirschbein, 1991 supra). 
TETD requires long sulfurization times (600 seconds for DNA and 3600 
seconds for RNA). It has recently been shown that for sulfurization of DNA 
10 oligonucleotides, Beaucage reagent Is more efficient than TETD 
(Wyrzykiewicz and Ravikumar, 1994 Bioorganic Med. Chem. 4, 1519). 
Beaucage reagent has also been used to synthesize phosphorothioate 
oligonucleotides containing 2'-deoxy-2'-fluoro modifications wherein the 
wait time is 10 min (Kawasaki et a!., 1992 J. Med Chem). 

15 The method of synthesis used follows the procedure for RNA 
synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramidites at the 3*-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 min wait steps (Beaucage 

20 and Iyer, 1991 Tetrahedron 49, 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (Morvan et al., 1990 
Tetrahedron Letter Si, 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved in solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines during 

25 previous synthesis. 

A major improvement is the use of an activating agent, 5-S- 
ethyltetrazole or 5-S-methyltetrazole at a concentration of 0.25 M for 5 min. 
Additionally, for those linkages which are phosporothioate. the iodine 
solution is replaced with a 0.05 M solution of 3H-1,2-benzodithiole-3-one 
30 1,1-dioxlde (Beaucage reagent) in acetonhrile. The delivery time for the 
sulfurization step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 

RNA synthesis is conducted on a 394 (ABI) synthesizer using a 
mod.fied 2.5 nmol scale protocol with a reduced 5 min coupling step for 
35 alkylsilyl protected RNA and 2.5 min coupling step for 2 > -0-methylated 
RNA. A 6.5-fold excess (1 62.5 uL of 0.1 M = 32.5 m of) of phosphoremidite 



RECTIFIE0 SHEET (RULE SI) 
ISA/EP 



WO 95/23225 



PCT/IB95/00156 



75 

and a 40-fold excess of S-ethyl tetrazole (400 ul of 0.25 M = 100 u.mol) 
relative to polymer-bound 5'-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, determined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
5 synthesis reagents for the 394 synthesizer detritylation solution was 2% 
TCA in methylene chloride; capping was performed with 16% /V-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2 . 49 mM pyridine. 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
1 0 bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 
the solid obtained from Applied Biosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurization efficiency (ASE) is determined using the 
formula: ASE = (PS/Total) 1/n-1 

1 5 where, PS = integrated 3 1 p NMR values of the P=S diester 

Total = integration value of all peaks 

n = length of oligo 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
20 data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5' end. 
25 RNA cleavage activity of this ribozyme is shown in Fig. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: Pro tocol for the synthesis of g-N-p htalimido-n.irlPngiHg 
phosphoramidite 

30 The 2'-amino group of a 2'-deoxy-2'-amino nucleoside is normally 

protected with N-(9-flourenylmethoxycarbonyl) (Fmoc; Imazawa and 
Eckstein, 1979 supra;. Pieken et al., 1991 Science 253, 314). This 
protecting group is not stable in CH 3 CN solution or even in dry form during 



WO 95/23225 



PCT/IB9S/00156 



76 

prolonged storage at -20 °C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2'- 
amino group of ^-deoxy^'-amino nucleoside. Referring to Figure 17. 
5 phosphoramidite 17 was synthesized starting from 2'-deoxy-2'- 
aminonucleoside (12) using transient protection with Markevich reagent 
{Markiewicz J. Chem. Res. 1979, S ( 24). An intermediate 13 was obtained 
in 50% yield, however subsequent introduction of N-phtaloyl (Pht) group by 
Nefken's method (Nefkens, 1960 Nature 185, 306), desilylation (15), 
10 dimethoxytrytilation (16) and phosphitylation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some alternative approaches, concentrating on selective 
introduction of N-phtaloyl group without acylation of 5' and 3' hydroxyls. 

When a'-deoxy^-amino-nucleoside was reacted with 1.05 
15 equivalents of Nefkens reagent in DMF overnight with subsequent 
treatment with Et3N (1 hour) only 10-15% of N and ^(^J-bis-phtaloyl 
derivatives were formed with the major component being N-Pht-derivative 
15. The N,0-bis by-products could be selectively and quantitively 
converted to N-Pht derivative 15 by treatment of crude reaction mixture 
20 with cat. KCN/MeOH. 

A convenient "one-pot" procedure for the synthesis of key 
intermediate 16 involves selective N-phthaloylation with subsequent 
dimethoxytrytilation by DMTCI/Et3N and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 16 produced phosphoramidite 17 in 87% yield. One gram of 2-amino 
nucleoside, for example 2 , -amino uridine (US Biochemicals® part # 
77140) was co-evaporated twice from dry dimethyl formamide (Dmf) and 
dried in vacuo overnight. 50 mis of Aldrich sure-seal Dmf was added to the 
dry 2 , -amino uridine via syringe and the mixture was stirred for 10 minutes 

30 to produce a clear solution. 1.0 grams (1:05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent, 98% Jannsen Chimica) was 
added and the solution was stirred overnight. . Thin layer chromatography 
(TLC) showed 90% conversion to a faster moving products (10% ETOH in 
CHCI3) and 57 *il of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 |xl (1 .5 eq.) of TEA was 
added followed by the addition of 1.53 grams (1.1 eq.) of DMT-CI 
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(Lancaster Synthesis®, 98%). The reaction mixture was left to stir 
overnight and quenched with ETOH after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq., 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eluted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by 1HNMR). 
Phosphoramidites were then prepared using standard protocols described 
above. 

10 With phosphoramidite 17 In hand applicant synthesized several 

ribozymes with 2'-deoxy-2'-amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing 2'-deoxy-2'-amino-U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2-amino positions were either 

15 protected with Fmoc or Pht, was identical. Additionally, complete 
deprotection of 2'-deoxy-2'-amino-Uridine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidite 17 was 
not effected over prolonged storage (1-2 months) at low temperatures. 

Protecting 2' Position with a SEM Group 

20 There follows a method using the 2'-(trimethylsilyl)ethoxymethyl 

protecting group (SEM) in the synthesis of oligoribonucleotides, and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2-hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 

25 same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylsilyl group has been efficacious (Usman.N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren.R.J. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and Scaringe,S.A.; Franklyn.C.; Usman.N. Nucl. Acids Res. 
1990, 18, 5433-5441). However, long exposure times to tetra-n- 

30 butylammonium fluoride (TBAF) are generally required to fully remove this 
protecting group from the 2'-hydroxyl. In addition, the bulky alkyl 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, it has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 

35 ammonia (Scaringe.S.A.; Franklyn.C; Usman.N. Nucl. Acids Res. 1990, 
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18, 5433-5441 and Stawinski.J.; Stromberg.R.; Thelin.M.; Westman.E. 
Nucleic Acids Res. 1988, 16, 9285-9298). 

The (trimethylsilyl)ethoxymethyl ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and all but the harshest 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BF3»OEt 2 very quickly. 

There follows a method for synthesis of RNA by protecting the 2'- 
10 position of a nucleotide during RNA synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those in the art are familiar with such steps. The 
nucleotide used can be any normal nucleotide or may be substituted in 
1 5 various positions by methods well known in the art, e.g., as described by 
Eckstein ef ai. International Publication No. WO 92/07065, Perrault et a!., 
Nature 1990, 344, 565-568, Pieken et ai, Science 1991,253, 314-317, 
Usman.N.; Cedergren.R.J. Trends in Biochem. Sci. 1992, 17, 334-339, 
Usman et al„ PCT W093/15187, and Sproat,B. European Patent 
20 Application 92110298.4. 

This invention also features a method for covalently linking a SEM 
group to the 2'-position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a preferred embodiment, the conditions are dibutyltin oxide, 
25 tetrabutylammonium fluoride and SEM-CI. Those in the art, however, will 
recognize that other equivalent conditions can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BF 3 «OEt 2 ) under SEM removing conditions, e.g., in acetonitrile. 

Referring to Fioure 18. there is shown the method for solid phase 
synthesis of RNA. A 2\5'-protected nucleotide Is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the 2-position in prior art 
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methods can be a silyl ether, as shown in the Figure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Otherwise RNA synthesis can be performed by standard methodology. 

Referring to Figure 19. there is shown the synthesis of 2'-0-SEM 
5 protected nucleosides and phosphoramadites. Briefly, a 5-protected 
nucleoside (1) is protected at the 2- or 3-position by contacting with a 
derivative of SEM under appropriate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regioisomers are separated by chromatography and the 2'- 
1 0 protected moiety is converted into a phosphoramidite by standard 
procedure. The 3-protected nucleoside is converted into a succinate 
derivative suitable for derivatization of a solid support. 

Referring to Figure 20, a prior art method for deprotection of RNA using silyl 
ethers is shown. This contrasts with the method shown in Figure 21 in 
which deprotection of RNA containing an SEM group is performed. In step 
1 , the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramidites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 
subsequent deprotection of 

Example 14: Synthesis of 2 , -Q-mrimethvlsiM)ftt hoxvmethvl^fi > >nL m 
methoxvtrityl Uridine (2) 

Referring to Figure 19, 5'-0-dimethoxytrityI uridine 1 (1.0 g, 1.83 
mmol) in CH 3 CN (18 mL) was added dibutyltin oxide (1.0 g, 4.03 mmol) 
25 and TBAF (1 M, 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25°C) at which time (trimethylsilyl)ethoxymethyl chloride (SEM- 
CI) (487 fiL, 2.75 mmol) was added. The reaction mixture was stirred 
overnight and then filtered and evaporated. Flash chromatography (30% 
hexanes in ethyl acetate) yielded 347 mg (28.0%) of 2'-hydroxyl protected 
30 nucleoside 2 and 314 mg (25.3%) of ^-hydroxy! protected nucleoside 3. 

Example 15: Synthesis of 2 , -Omrimethvlsilyhfit hoxvmfithyl) tiring (A) 

Nucleoside 2 was detritylated following standard methods as shown 
in Figure 19. 



15 



20 
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Example 16: Synthesis of 2'-0.^tri methvlsilvnfithoxvmethyl).s , .3'-0-ARfityi 
Uridine (5) 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19 . 

5 Example 17: Synthesis of 5'.3'-D-Anflty| Uridine <fi\ 

Referring to Figure 19, the fully protected uridine 5 (32 mg, 0.07 
mmol) was dissolved in CH 3 CN (700 uL) and BF 3 »OEt 2 (17.5 pi, 0.14 
mmol) was added. The reaction was stirred 15 m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH in CH 2 CI 2 ) gave 
0 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18: Synthesis of 2'-0.mri methvlsilyl)flthoxvmefhyl)-a'-r>. 
Succinvl-5'- Q- Dimethoxvtritvl Uridine (9) 

Nucleoside 3 was succinylated and coupled to the support following 
standard procedures, as shown in Figure 19. 

5 Example 19: Synthesis of P'-O-iftrimethylsilvnethnyymQthvn-fi'.r). n.. 
methoxvtritvl Uridine 3'-te-Cvannath y l AlAZ-diisnprnpylphosnhnramiHito ) 

m 

Nucleoside 3 was phosphitylated following standard methods, as 
shown in Figure 19 . 

Example 20: Synthesis of R NA Usinn P'-rlSEM Prntflrtin n 

Referring to Figure 18, the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman.N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe,S.A.; Franklyn.C; Usman.N. Nucl. Acids Res. 
1990, 18, 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-mer of uridylic acid. Syntheses 
were conducted on a 394 (ABI) synthesizer using a modified 2.5 u.mol 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 u.L of 
0.1 M = 32.5 nmol) of phosphoramidite and a 80-fold excess of tetrazole 
(400 ul of 0.5 M = 200 umol) relative to polymer-bound 5'-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394, 
determined by colorimetric quantitation of the trityl fractions, were 98-99%.' 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA in methylene chloride; capping was performed with 16% N- 



WO 95/23225 



PCT/IB95/00156 



81 

Methyl imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in 
THF; oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. 

5 Referring to Figure 21 . the homopolymer was base deprotected with 

NH3/EtOH at 65 °C. The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CH3CN (1 mL). BF3»OEt2 
(2.5 \±, 30 \umo\) was added to the solution and aliquots were removed at 
10 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

HI, Vectors Expressing Ribozymes 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 

1 5 general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3' and 5 1 ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 

20 for scaling up production of a ribozyme, which may be either modified or 
unmodified, in situ or in vitro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow productiuon of large amounts of a desired riboqyne, The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 

25 RNA transcript which is cleaved in situ or in vitro before or after transcript 
isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3* and 5' ends of each therapeutic, trans- 
acting or desired ribozyme instead of processing only one end, or only one 
30 ribozyme. This allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript. Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 
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folding of the mRNA does not interfere with processing by the releasing 
ribozyme. 

The stability of the ribozyme produced in this method can be 
enhanced by provision of sequences at the termini of the ribozymes as 
5 described by Draper et al., PCT WO 93/23509, hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozymes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
10 isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozymes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozymes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
15 studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et al., PCT WO 93/23509 hereby incorporated 
by reference herein. 

The method can also be used to produce ribozymes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
20 or to produce a concatameric transcript for subsequent in vitro isolation of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
25 bacterial, viral or eucaryotic promoter within a plasmid, cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA, formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, formed by site- 
30 directed homologous recombination into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is placed on either side of 
a region encoding a therapeutic or otherwise desired second ribozyme. 
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Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme, such as a hammerhead, hairpin , hepatitis delta 
5 virus (HDV) or other catalytic center, and can include group I and group II 
introns, as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a Tetrahymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site in the center of a self- 
10 recognition sequence to aid in vector construction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
1 5 first ribozyme sequence is able to act, under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 
RNA sites, or can be isolated for later use or analysis. 

Thus, in one aspect the invention features a vector which includes a 
20 first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecular cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
25 transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5' side or 3' side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any self 
30 cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cleave each of the flanking regions and 
35 thereby release one or more copies of the second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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several different vectors can be placed in the same vessel or cell to 
produce different ribozymes. 

In preferred embodiments, the vector includes a plurality of the nucleic 
acid sequences encoding the second ribozyme, each flanked by nucleic 
5 acid sequences recognized by the first ribozyme. Most preferably, such a 
plurality includes at least six to nine or even between 60-100 nucleic acid 
sequences. In other preferred embodiments, the vector includes a 
promoter which regulates expression of the nucleic acid encoding the 
ribozymes from the vector; and the vector is chosen from a plasmid, 

1 0 cosmid, phagmid, virus, viroid or phage. In a most preferred embodiment, 
the plurality of nucleic acid sequences are identical and are arranged in 
sequential order such that each has an identical end nearest to the 
promoter. If desired, a poly(A) sequence adjacent to the sequence 
encoding the first or second ribozyme may be provided to increase stability 

15 of the RNA produced by the vector; and a restriction endonuclease site 
adjacent to the nucleic acid encoding the first ribozyme is provided to allow 
insertion of nucleic acid encoding the second ribozyme during construction 
of the vector. 

In a second aspect, the invention features a method for formation of a 
20 ribozyme expression vector by providing a vector including nucleic acid 
encoding a first ribozyme, as discussed above, and providing a single- 
stranded DNA encoding a second ribozyme, as discussed above. The 
single-stranded DNA is then allowed to anneal to form a partial duplex 
DNA which can be filled in by a treatment with an appropriate enzyme, 
25 such as a DNA polymerase in the presence of dNTPs, to form a duplex 
DNA which can then be ligated to the vector. Large vectors resulting from 
this method can then be selected to insure that a high copy number of the 
single-stranded DNA encoding the second ribozyme is incorporated into 
the vector. 

30 in a further aspect, the invention features a method for production of 

ribozymes by providing a vector as described above, expressing RNA from 
that vector, and allowing cleavage by the first ribozyme to release the 
second ribozyme. 

In preferred embodiments, three different ribozyme motifs are used as 
35 cis-cleaving ribozymes. The hammerhead, hairpin, and hepatitis delta 
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virus (HDV) ribozyme motifs consist of small, well-defined sequences that 
rapidly self-cleave in vitro (Symons, 1992 Annu. Rev. Biorhgrn 61, 641). 
While structural and functional differences exist among the three ribozyme 
motifs, they self-process efficiently in vivo. All three ribozyme motifs self- 
5 process to 87-95% completion in the absence of 3' flanking sequences. In 
vitro, the self-processing constructs described in this invention are 
significantly more active than those reported by Taira et al., 1990 supra : 
and Altschuler et al., 1992 Gene 122, 85. The present invention enables 
the use of cis-cleaving ribozymes to efficiently truncate RNA molecules at 
10 specific sites in vivo by ensuring lack of secondary structure which 
prevents processing. 

Isolation of Therapeutic Ribozvmfi 

The preferred method of isolating therapeutic ribozyme is by a 
chromatographic technique. The HPLC purification methods and reverse 

1 5 HPLC purification methods described by Draper et al., PCT WO 93/23509, 
hereby incorporated by reference herein, can be used. Alternatively, the 
attachment of complementary oligonucleotides to cellulose or other 
chromatography columns allows isolation of the therapeutic second 
ribozyme, for example, by hybridization to the region between the flanking 

20 arms and the enzymatic RNA. This hybridization will select against the 
short flanking sequences without the desired enzymatic RNA, and against 
the releasing first ribozyme. The hybridization can be accomplished in the 
presence of a chaotropic agent to prevent nuclease degradation. The 
oligonucleotides on the matrix can be modified to minimize nuclease 

25 activity, for example, by provision of 2'-0-methyl RNA oligonucleotides. 
Such modifications of the oligonucleotide attached to the column matrix will 
allow the multiple use of the column with minimal oligo degradation. Many 
such modifications are known in the art, but a chemically stable non- 
reducible modification is preferred. For example, phosphorothioate 

30 modifications can also be used. 

The expressed ribozyme RNA can be isolated from bacterial or 
eucaryotic cells by routine procedures such as . lysis followed by guanidine 
isothiocyanate isolation. 

The current known self-cleaving site of Tetrahymena can be used in 
35 an alternative vector of this invention. If desired, the full-length 
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Tetrahymena sequence may be used, or a shorter sequence may be used. 
It is preferred that, in order to decrease the superfluous sequences in the 
self-cleaving site at the 5' cleavage end, the hairpin normally present in the 
Tetrahymena ribozyme should contain the therapeutic second ribozyme 3' 
sequence and its complement. That is, the first releasing ribozyme- 
encoding DNA is provided in two portions, separated by DNA encoding the 
desired second ribozyme. For example, if the therapeutic second ribozyme 
recognition sequence is CGGACGA/CGAGGA, then CGAGGA is provided 
in the self-cleaving site loop such that ft is in a stem structure recognized by 
the Tetrahymena ribozyme. The loop of the stem may include a restriction 
endonuclease site into which the desired second ribozyme-encoding DNA 
is placed. 

If desired, the vector may be used in a therapeutic protocol by use of 
the systems described by Lechner, PCT WO 92/13070, hereby 
incorporated by reference herein, to allow a timed expression of the 
therapeutic second ribozyme, as well as an appropriate shut off of cell or 
gene function. Thus, the vector will include a promoter which appropriately 
expresses enzymatically active RNA only in the presence of an RNA or 
another molecule which indicates the presence of an undesired organism 
or state. Such enzymatically active RNA will then kill or harm the cell in 
which it exists, as described by Lechner, id., or act to cause reduced 
expression of a desired protein product. 

A number of suitable RNA vectors may also be used in this invention. 
The vectors include plant viroids, plant viruses which contain single or 
double-stranded RNA genomes and animal viruses which contain RNA 
genomes, such as the picornaviruses, myxoviruses, paramyxoviruses, 
hepatitis A virus, reovirus and retroviruses. In many instances cited, use of 
these viral vectors also results in tissue specific delivery of the ribozymes. 

Example 21: Design of self-processing cassette 

In a preferred embodiment, applicant compared the in vitro and in 
vivo cis-cleaving activity of three different ribozyme motifs-the 
hammerhead, the hairpin and the hepatitis delta virus ribozyme-in order to 
assess their potential to process the ends of transcripts in vivo. To make a 
direct comparison among the three, however, it is important to design the 
ribozyme-containing transcripts to be as similar as possible. To this end, 
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all the ribozyme cassettes contained the same trans-acting hammerhead 
ribozyme followed immediately by one of the three cis-acting ribozymes 
( Figure 23-25) . For simplicity, applicant refers to each cassette by an 
abbreviation that indicates the downstream cis-cleaving ribozyme only. 
5 Thus HH refers to the cis-cleaving cassette containing a hammerhead 
ribozyme, while HP and HDV refer to the cassettes containing hairpin and 
hepatitis delta virus cis-cleaving ribozymes, respectively. The general 
design of the ribozyme cassettes, as well as specific differences among the 
cassettes, are outlined below. 

1 0 A sequence predicted to form a stable stem-loop structure is included 

at the 5' end of all the transcripts. The hairpin stem contains the T7 RNA 
polymerase initiation sequence (Milligan & Uhlenbeck, 1989 Methods 
Enzymol. 180, 51) and its complement, separated be a stable tetra-loop 
(Antao et al., 1991 Nucleic Acids Res. 19, 5901). By incorporating the T7 

1 5 initiation sequence into a stem-loop structure, applicant hoped to avoid 
nonproductive base pairing interactions with either the trans-acting 
ribozyme or with the cis-acting ribozyme. The presence of a hairpin at the 
end of a transcript may also contribute to the stability of the transcript in 
vivo. These are non-limiting examples. Those in the art will recognize that 

20 other embodiments can be readily generated using a variety of promoters, 
initiator sequences and stem-loop structure combinations generally known 
in the art. 

The trans-acting ribozyme used in this study is targeted to a site B 
(S'-CUGGAGU^GACCUUC-^'). The 5' binding arm of the ribozyme, 5'- 

25 GAAGGUC-3 1 , and the core . of the ribozyme, 5'- 
CUGAUGAGGCCGAAAGGCCGAA-3\ remain constant in all cases. In 
addition, all transcripts also contain a single nucleotide between the 5' 
stem-loop and the first nucleotide of the ribozyme. The linker nucleotide 
was required to obtain the same activity in vitro that was measured with an 

30 identical ribozyme lacking the 5' hairpin. Because the three cis-cleaving 
ribozymes have different requirements at the site of cleavage, slight 
differences were unavoidable at the 3 1 end of the processed transcript. The 
junction between the trans- and cis-acting ribozyme is, however, designed 
so that there is minimal extraneous sequence left at the 3 1 end of the trans- 

35 cleaving ribozyme once cis-cleavage occurs. The only differences 
between the constructs lie in the 3' binding arm of the ribozyme, where 
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either 6 or 7 nucleotides, 5'-ACUCCA(+/-G)-3', complementary to the target 
sequence are present and where, after processing, two to five extra 
nucleotides remain. 

The cis-cleaving hammerhead ribozyme used in the HH cassette is 
5 based on the design of Grosshans and Cech, 1991 supra . As shown in 
Figure 23, the 3' binding arm of the trans-acting ribozyme is included in the 
required base-pairing interactions of the cis-cleaving ribozyme to form stem 
I. Two extra nucleotides, UC, were included at the end of the 3 1 binding 
arm to form the self-processing hammerhead ribozyme site (Ruffner et aL, 
10 1990 supra) which remain on the 3 1 end of the trans-acting ribozyme 
following self-processing. 

The hairpin ribozyme portion of the HP self-processing construct is 
based on the minimal wild-type sequence (Hampel & Tritz, 1989 supra) . A 
tetra-loop at the end of helix 1 (3' side of the cleavage site) serves to link 

1 5 the two portions and thus allows a minimal five nucleotides to remain at the 
end of the released trans-acting ribozyme following self-processing. Two 
variants of HP were designed: HP(GU) and HP(GC). The HP(GU) was 
constructed with a G-U wobble base pair in helix 2 (A52G substitution; 
Figure 24). This slight destabilization of helix 2 was intended to improve 

20 self-processing activity by promoting product release and preventing the 
reverse reaction (Berzal-Herranz et al., 1992 Genes & Dev. 6, 129; 
Chowrira et al., 1993 Biochemistry 32, 1088). The HP(GC) cassette was 
constructed as a control for strong base-pairing interactions in helix 2 
(U77C and A52G substitution; Figure 24) . Another modification to 

25 discourage the reverse ligation reaction of the hairpin ribozyme was to 
shorten helix 1 (Figure 24) by one base pair relative to the wild-type 
sequence (Chowrira & Burke, 1991 Biochemistry an, 8518). 

The HDV ribozyme self-processes efficiently when the nucleotide 5' to 
the cleavage site is a pyrimidine, and somewhat less so when adenosine is 

30 in that position. No other sequence requirements have been identified 
upstream of the cleavage site, however, we have observed some decrease 
in activity when a stem-loop structure was present within 2 nt of the 
cleavage site. The HDV self-processing construct (Fig 25) was designed to 
generate the trans-acting hammerhead ribozyme with only two additional 

35 nucleotides at its 3' end after self-processing. The HDV sequence used 
here is based on the anti-genomic sequence (Perrota & Been, 1992 supra) 
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but includes the modifications of Been et al., 1992 ( Biochemistry 31, 
11843) in which cis-cleavage activity of the ribozyme was improved by the 
substitution of a shortened helix 4 for a wild-type stem-loop Figure 25 ). 

To prepare DNA inserts that encode self-processing ribozyme 
5 cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the T7 
promoter, the trans-acting ribozyme, the cis-cleaving ribozyme and 
appropriate restriction sites for use in cloning (see Fio. 26) . The single- 
strand portions of annealed oligonucleotides were converted to double- 
1 0 strands using Sequenase® (U.S. Biochemicals). Insert DNA was ligated 
into EcofJ//H/ndlll-digested pud 8 and transformed into E. coli strain DHSoc 
using standard protocols (Maniatis et al„ 1982 in Molecular Pinning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

15 Larger scale preparations of plasmid DNA for use as in vitro 

transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processing in vitro 

20 Transcription reactions containing linear plasmid templates were 

carried out essentially as described (Milligan & Uhlenbeck, 1989 Supra : 
Chowrira & Burke, 1991 gupre ). In order to prepare 5' end-labeled 
transcripts, standard transcription reactions were carried out in the 
presence of 10-20 \iC\ [y-32p]GTP f 200 \iM each NTP and 0.5 to 1 jig of 

25 linearized plasmid template. The concentration of MgCfc was maintained 
at 1 0 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37°C. For these comparisons, 

30 equal amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of l^ 32 P]QTP to generate 5' 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the released trans-ribozymes are visualized by 
autoradiography. In all reactions, Mg2+ was included at 10 mM above the 

35 nucleotide concentration so that cleavage by all the ribozyme cassettes 
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would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that self- 
processing in the presence of increasing lengths of downstream sequence 
could be compared (see Fig. 26) . The resulting transcripts have either 4-5 
5 non-ribozyme nucleotides at the 3' end (H/ndlll-digested template), 220 
nucleotides (A/del digested templates) or 454 nucleotides of downstream 
sequence {Rca\ digested template). 

As shown in Fioure 27. all four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 
essential for hammerhead ribozyme activity (Ruffner et al., 1990 supra) 
have been changed in the HH(mirtant) core sequence (see Figure 23) and 
so this transcript is unable to undergo self-processing (Fio. 27) . This is 
evidenced by the lack of a released 5' RNA in the HH(mutant), although the 
full-length RNAs are present . Comparison of the amounts of released 
trans-ribozyme (Fig. 27) indicate that there are differences in the ability of 
these ribozymes to self-process in vitro, especially with respect to the 
presence of downstream sequence. For the two HP constructs, it is clear 
that HP(GC) is more efficient than the HP(GU) ribozyme, both in the 
presence and in the absence of extra downstream sequence. In addition, 
the activity of HP(GU) falls off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) construct's ability to fold correctly (and/or more quickly) into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 
self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
sequence seems to most affect the efficiency of HDV. When no extra 
sequence is present downstream, HDV is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self-processing reaction 

tf/ndlll-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM TrisHCI pH 8.3; 1 mM 
ATP, GTP and UTP; 50 |iM CTP; 40 fiCi [a-32p]CTP; 12 mM MgCfc; 10 mM 
5 DTT. The transcription/self-processing reaction was initiated by the 
addition of T7 RNA polymerase (15 U/pJ). Aliquots of 5 \i\ were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 15 mM EDTA, & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 polyacrylamide sequencing gel and results were quantitated by 
Phosphorimager (Molecular Dynamics, Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares fits 
(KaleidaGraph, Synergy Software.Reeding, PA) of the data to the equation: 

(Fraction Uncleaved Transcript) = ^ (1 -e -kt ) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. NatL Acad. Sci. USA 
91,6977). 

Linear templates were prepared by digesting the plasmids with H/ndlll 
so that transcripts will contain only four to five vector-derived nucleotides at 
the 3' end (see Figure 23-25) . By comparison of the unimolecular rate 
constant (k) determined for each construct, it is clear that HH is the most 
efficient at self-processing (Table 44) . The HH transcript self-processes 2- 
fold faster than HDV and 3-fold faster than HP(GC) transcripts. Although 
the HP(GU) RNA undergoes self-processing, it is at least 6-fold slower than 
the HP(GC) construct. This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et al. t 1990 supra: Chowrira & 
Burke, 1991 supra ). The rate of HH self-cleavage during transcription 
measured here (1.2 mfrr 1 ) is similar to the rate measured by Long and 
Uhlenbeck 1994 sgpra using a HH that has a different stem I and stem III. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et aL, 1992 supra) . This 
decrease likely reflects the difference in protocol as well as the presence of 
5' flanking sequence in the HDV construct used here. 
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Example 24: Effect of downstream sequence s on trans-cleavaae in vitm 

Transcripts containing the trans ribozyme with or without 3' flanking 
sequences were assayed for their ability to cleave their target in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands corresponding both' to processed trans-acting ribozymes 
from the HH transcription reaction, and to full-length HH(mutant) and AHDV 
transcripts were isolated. In all three transcripts the trans-acting ribozyme 
portion is identical-with the exception of sequences at their 3' ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
10 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3' ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts in a standard reaction buffer. 

To make .internally-labeled substrate RNA for trans-ribozyme 
15 cleavage reactions, a 622 nt region (containing hammerhead site P) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
standard transcription buffer in the presence of [a- 3 2p]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chlorofomrisoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 u1 
DEPC-treated water and stored at -20°G. 

Unlabeled ribozyme (1uM) and internally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris-HCI pH 7.5 and 10 mM MgCfc) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 ul were taken at regular time intervals, 
30 quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager® (Molecular Dynamics, Sunnyvale 
CA). 



35 



The HH trans-acting ribozyme cleaves the target RNA approximately 
10-fold faster than the AHDV transcript and greater than 20-fold faster than 
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the HH(mutant) transcript (Figure 28) . The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3' target-binding arm of the 
trans-acting ribozyme (Figure 23) . This interaction must be disrupted (at a 
cost of 6 kcal/mole) to make the trans-acting ribozyme available for binding 
5 the target sequence. In contrast, the additional nucleotides. at the end of 
AHDV were not designed to form any strong, alternative base-pairing with 
the trans-ribozyme. Nevertheless, the AHDV sequences are predicted to 
form multiple structures involving the 3' target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole. Thus, the 
1 0 observed reductions in activity for the AHDV and HH(mutant) constructs are 
consistent with the predicted folded structures, and it reinforces the view 
that the flanking sequences can decrease the catalytic efficiency of a 
ribozyme through nonproductive interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA self-processina in vivo 

Since three of the constructs (HH, HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant. A transient 
expression system was employed to investigate ribozyme activity in vivo. A 
20 mouse cell line (OST7-1) that constitutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (Elroy-Stein and Moss, 1990 
Proc. Natl. Acad, gci. USA 87, 6743). In these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (Elroy-Stein & Moss, 1990 supra) . 

25 Monolayers of a mouse L9 fibroblast cell line (OST7-1; Elroy-Stein 

and Moss, 1990 supra) were grown In 6-well plates with - 5x1 05 cells/well. 
Cells were transfected with circular plasmids (5 ug/well) using the calcium 
phosphate : DNA precipitation method (Maniatis et al., 1982 supra) . Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 u.l/well) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate (pH 7.0), 0.5% sarkosyl (Chomczynski and Sacchi, 1987 
Anal. Biochem. 162, 156), and 50 mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chlorofomrisoamyl alcohol (25:1). Total cellular RNA was precipitated with 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 
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M ammonium acetate and reprecipitated with ethanol. The pellet was then 
washed with 70% ethanol and resuspended in DEPC-treated water. 

Purified cellular RNA (3 jig/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer (100 pmol) by heating to 90°C for 
5 2 min. in the absence of Mg 2+ , and then snap-cooling on ice for at least 15 
min. This protocol allows for efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/pJ; BRL) in a buffer containing 50 
mM Tris HCI pH 8.3; 10 mM DTT; 75 mM KCI; 1 mM MgCfc; 1 mM each 

10 dNTP. The extension reaction was carried out at 42°C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% polyacrylamide sequencing gel. The primer sequences 
are as follows: HH primer, S'-CTCCAGTTTCGAGCTTT-S'; HDV primer, 5*- 

15 AAGTAGCCCAGGTCGG ACC-3'; HP primer, 5'- 
ACCAGGTAATATACCACAAC-3'. 

As shown in Figure 29, specific bands corresponding to full-length 
precursor RNA and 3' cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs, in 
20 addition to being transcriptionally active, appear to self-process efficiently 
in the cytoplasm of OST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%. The overall extent of self- 
processing in OST7-1 cells appears to be strikingly similar to the extent of 
self-processing in vitro (Figure 29 "In Vitro +MgCl2" vs. 'Cellular*). 

25 Consistent with the in vitro self-processing results, the HP(GU) 

cassette self-processed to approximately 50% in OST7-1 cells. As 
expected, transfectibn with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the full-length RNA 
with no detectable cleavage products fFiaure 29) . The latter result strongly 

30 suggests that the primer extension band corresponding to the 3' cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the possibility that RNA self-processing 
might occur during cell lysis, RNA isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. First, 50 mM 
35 EDTA was included in the lysis buffer. EDTA is a strong chelator of divalent 
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metal ions such as Mg 2+ and Ca 2+ that are necessary for ribozyme 
activity. Divalent metal ions are therefore unavailable to self-processing 
RNAs following cell lysis. A second precaution involved using primers in 
the primer-extension assay that were designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3" cis-acting ribozymes from folding into the conformation 
essential for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer 
extension analysis on full-length precursor RNAs that were added to non 
transfected OST7-1 lysates after cell lysis. Thus, only if self-processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were prepared by transcribing under conditions 

15 of low Mg2+ (5 mM) and high NTP concentration (total 12 mM) in an 
attempt to eliminate the free Mg 2 + required for the self-processing reaction 
(Michel et al. 1992 Genes & Dev. 6, 1373). The full-length precursor RNAs 
were gel-purified, and a known amount was added to lysates of non- 
transfected OST7-1 cells. RNA was purified from these lysates and 

20 incubated for 1 hr in DEPC-treated water at 37° C prior to the standard 
primer extension analysis (Figure 29 . in vitro "-MgCfc" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs. If, instead, the purified 
RNA containing the full-length precursor is incubated in 10 mM MgCfc prior 

25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Figure 29 . in vitro "+MgCl2" 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 

30 undergo self-cleavage. 

In a second experiment to demonstrate lack of self-processing during 
work up, internally-labeled precursor RNAs were prepared and added to 
non-transfected OST7-1 lysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (in the presence of unlabeled primers) and 
analyzed to determine the extent of serf-processing. By this analysis, the 
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vast majority of the added full-length RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
5 by HH, HDV and HP(GC) cassettes are occurring in the cytoplasm of 
OST7-1 cells. 

Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art. 

10 In addition, those in the art will recognize that Applicant provides 

guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 

1 5 described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will then allow at least 80% 
completion of release of ribozymes, which can be readily determined as 
described above or by methods known in the art. That is, any such 
secondary structure in the RNA does not reduce release of the ribozymes 

20 by more than 20%. 

Ribozymes Expressed bv RNA Polymerase III 

Applicant has determined that the level of production of a foreign 
RNA, using a RNA polymerase III (pol HI), based system, can be significantly 
enhanced by ensuring that the RNA is produced with the 5' terminus and a 
25 3' region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 
bond interactions (either Watson-Crick or non-Watson-Crick) between 
nucleotides in the 3' region (at least 8 bases) and complementary 
nucleotides in the 5' terminus of the same RNA molecule. 

30 Although the example provided below involves a type 2 pol III gene 

unit, a number of other pol III promoter systems can also be used, for 
example, tRNA (Hall et al., 1982 Ce//29, 3-5), 5S RNA (Nielsen et al., 
1993, Nucleic Acids Res. 21, 3631-3636), adenovirus VA RNA (Fowlkes 
and Shenk, 1980 Ce//22, 405-413), U6 snRNA (Gupta and Reddy, 1990 
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Nucleic Acids Res. 19, 2073-2075), vault RNA (Kickoefer et al., 1993 J. 
Biol. Chem. 268, 7868-7873), telomerase RNA (Romero and Blackburn, 
1991 Cell 67, 343-353), and others. 

The construct described in this invention is able to accumulate RNA to 
5 a significantly higher level than other constructs, even those in which 5' 
and 3' ends are involved in hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell. This makes such constructs, and the vectors 
encoding such constructs, excellent for use in decoy, therapeutic editing 

10 and antisense protocols as well as for ribozyme formation. In addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5' terminus and the 3' region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 

15 accumulation. 

Thus, in one preferred embodiment the invention features a pol III 
promoter system (exu, a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA (e.g. . a 
tRNA-based molecule). 

20 The following exemplifies this invention with a type 2 pol III promoter 

and a tRNA gene. Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
pol III promoter system and has a 5' terminus or region able to base-pair 
with at least 8 bases of a complementary 3* end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those in the art will 
recognize that this is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "terminus" is meant the terminal bases of an RNA molecule, ending 
30 in a 3' hydroxyl or 5' phosphate or 5* cap moiety. By "region" is meant a 
stretch of bases 5* or 3' from the terminus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
a region not more than about 50 bases, and preferably only 20 bases, from 
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the other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By "3' region" is meant a stretch of bases 3' from the terminus that are 
involved in intramolecular bas-paired interaction with complementary 
5 nucleotides in the 5' terminus of the same molecule. The 3' region can be 
designed to include the 3' terminus. The 3' region therefore is £ 0 
nucleotides from the 3' terminus. For example, in the S35 construct 
described in the present invention fFio. 40) the 3' region is one nucleotide 
from the 3' terminus. In another example, the 3' region is ~ 43 nt from 3' 
10 terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art. Generally, it is preferred to have the 
3' region within 1 00 bases of the 3' terminus. 

By "tRNA molecule" is meant a type 2 pol III driven RNA molecule that 
1 5 is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
20 which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By "chimeric tRNA molecule" is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example, 

25 might contain an intramolecular base-paired structure between the 3' 
region and complementary 5' terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol III promoter boxes. Thus, such a foreign 
RNA may be provided at the 3' end of the B box, or may be provided in 

30 between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammerhead ribozyme with the B box of a type 2 pol III 
promoter provided in stem II of the ribozyme. In a second example the B 

35 box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 
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recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By "desired RNA" molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
5 molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By "antisense RNA" is meant a non-enzymatic RNA molecule that 
binds to another RNA (target RNA) by means of RNA-RNA interactions and 
alters the activity of the target RNA (Eguchi et al., 1991 Annu. Rev. 

10 Biochem. 60, 631-652). By "enzymatic RNA" is meant an RNA molecule 
with enzymatic activity (Cech, 1988 J American. Med. Assoc. 260, 3030- 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic 

15 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a ligand. the decoy RNA therefore competes with 
natural binding target for the binding of a specific ligand. For example, it 
has been shown that over-expression of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing it from binding to TAR sequences encoded in the HIV 
25 RNA (Sullenger et al., 1990 Cell 63, 601-608). This is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 

By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors with high affinity and cause the stimulation of specific cellular 
pathways. 
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By "antagonist RNA n is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, see Tsai et al., 1992 Proc. Natl. Acad. Sci. USA 89, 
8864-8868), 

5 In other aspects, the invention includes vectors encoding RNA 

molecules as described above, cells including such vectors, methods for 
producing the desired RNA, and use of the vectors and cells to produce this 
RNA. 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and complementary nucleotides at the 5' terminus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 15 or 16 base pairs. 

15 In preferred embodiments, the 5 1 terminus of the chimeric tRNA 

includes a portion of the precursor molecule of the primary tRNA molecule, 
of which £ 8 nucleotides are involved in base-pairing interaction with the 3' 
region; the chimeric tRNA contains A and B boxes; natural sequences 3' of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3" end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5* 
terminus of the RNA and a complementary 3 1 region within the same RNA, 
and includes at least 8 bases; and the 5' terminus is able to base pair with 
at least 15 bases of the 3' region. 

In most preferred embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol III promoter separated by between 0 and 300 bases; DNA 
vector encoding the RNA molecule of claim 51. 
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In other related aspects, the invention features an RNA or DNA vector 
encoding the above RNA molecule, with the portions of the vector encoding 
the RNA functioning as a RNA pol III promoter; or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, by 
5 introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

In order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation is 

10 a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA. Both RNA polymerase II (pol II) 
and RNA polymerase III (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Sarver & Rossi, 1993 AIDS Res. & 
Human Retroviruses 9, 483-487; Yu et al., 1993 P.A/.AS.(USA) 90, 6340- 

1 5 6344). However, pol III based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol II produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol III produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 

20 III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping" functions in all cell types. Therefore, pol 111 promoters are 
likely to be expressed in all tissue types. Finally, pol III transcripts from a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

25 Intracellular accumulation of therapeutic RNAs is also dependent on 

the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 

30 treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutic amounts of 
the antiviral RNA in the entire treated cell population, regardless of the 
integration site. 
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Pol III System 

The following is just one non-limiting example of the invention. A pol 
III based genetic element derived from a human tRNAj me t gene and 
termed A3-5 (Fig. 33; Adeniyi-Jones et al., 1984 supra), has been adapted 
5 to express antiviral RNAs (Sullenger et al., 1990 Mol. Cell. Biol. 10, 6512- 
6523). This element was inserted into the DC retroviral vector (Sullenger 
et al., 1990 Mol. Cell. Biol. 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antisense RNAs against moloney murine 
leukemia virus and anti-HIV decoy RNAs (Sullenger et al., 1990 Mol. Cell. 

10 Biol. 10, 6512-6523; Sullenger et al., 1990 Ce//63, 601-608; Sullenger et 
al., 1991 J. Virol. 65, 6811-6816; Lee et al., 1992 The New Biologist 4, 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 

15 levels of therapeutic RNA in all treated cells would represent a significant 
advancement in RNA based gene therapy modalities. 

Applicant examined hammerhead (HHI) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHI"; Fio. 34) . On average, 

20 ribozymes were found to accumulate to less than 100 copies per cell in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted structural elements to improve the intracellular stability of the 

25 ribozyme transcripts (Fig, 34). One of these modified gene units, termed 
S35, gave rise to more than a 100-fold increase in ribozyme accumulation 
in bulk T cell populations relative to the original A3-5/HHI vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 

30 achieved with the original A3-5/HHI version of this vector. 

The S35 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense, decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
35 as cancer, in which therapeutic RNAs may be effective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 
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vectors, including but not limited to, other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter, 1992 Curr. Opin. Genet Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner, 1988 BioTechniques 6, 616-629). 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3' region of the RNA is base-paired to. complementary 
nucleotides at the 5' terminus, which includes the 5 1 precursor portion that 
is normally processed off during tRNA maturation. Without being bound by 
any theory, Applicant believes this feature is important in the level of 
1 0 expression observed. Thus, those in the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

A3-5 Vectors 

15 The use of a truncated human tRNAj met gene, termed A3-5 (Fig. 33: 

Adeniyi-Jones et al M 1984 supra), to drive expression of antisense RNAs, 
and subsequently decoy RNAs (Sullenger et al., 1990 supra) has recently 
been reported. Because tRNA genes utilize internal pol III promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNAj met sequences. The truncated tRNA genes were placed 
into the U3 region of the 3' moloney murine leukemia virus vector LTR 
(Sullenger et al., 1990 supra). 

Base-paired Structures 

Since the A3-5 vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs, applicant 
cloned ribozyme-encoding sequences (termed as a A3-5/HHr) into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
iow ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed (Fig. 35) . To try and improve accumulation of the 
30 ribozyme, applicant incorporated various RNA structural elements (Fig. 34) 
into one of the ribozyme chimeras (A3-5/HHI). 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degredation. One strategy involved the 
incorporation of stem-loop structures into the termini of the transcript. Two 
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such constructs were cloned, S3 which contains a stem-loop structure at 
the 3' end, and S5 which contains stem-loop structures at both ends of the 
transcript (Figure 34) . The second strategy involved modification of the 3* 
terminal sequences such that the 5' terminus and the 3' end sequences 
5 can form a stable base-paired stem. Two such constructs were made: S35 
in which the 3' end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAj met domain, and S35Plus which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-5 chimeras (Figure 34) . These stem-loop structures are 

10 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer cell lines were generated, and 
stably-transduced human MT2 (Harada et al., 1985 supra) and CEM (Nara 
& Fischinger, 1988 supra) cell lines were established (Curr. Protocols Mot. 

15 Biol. 1992, ed. Ausubel et al M Wiley & Sons, NY). The RNA sequences and 
structure of S35 and S35 Plus are provided in Figures 40-47 . 

Referring to Figure 48, there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any known A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by arrows). Figure 49 shows one example of such a structure in which a 

25 desired RNA is provided 3 1 of the intramolecular stem. A specific example 
of such a construct is provided in Figures -50 and 51 . 

Example 26: Cloning of A3-5-Ribozvme Chimera 

Oligonucleotides encoding the S35 insert that overlap by at least 15 
nucleotides were designed (5' GATCCACTCTGCTGTTCTGTTTTTGA 3' 
30 and 5' CGCGTCAAAAACAGAACAGCAGAGTG 3'). The oligonucleotides 
(10 nM each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCI, pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a double- 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI, pH7.5, 20 mM MgCfc, 50 mM NaCI, 0.5 
mM each of the four deoxyribonucleotide triphosphates, 10 mM DTT. The 
reaction was allowed to proceed at 37°C for 30 min. The reaction was 
stopped by heating to 70°C for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleases (BamHl and MM) to generate ends that were suitable for 
cloning into the A3-5 vector. 

The double-stranded insert DNA was ligated to the A3-5 vector DNA 
by incubating at room temperature (about 20°C) for 60 min in a buffer 
1 0 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCfe, 10 mM DTT, 0.066 uM 
ATP and 0.1 U/ftl T4 DNA Ligase (US Biochemicals). 

Competent £. coli bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to 37°C for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37°C. The cells were plated on LB agar plates and incubated at 
37°Cfor~18h. 

Plasmid DNA was isolated from an overnight culture of recombinant 
clones using standard protocols (Ausubel et al., Curr. Protocols Mol. 
20 Biology 1 990, Wiley & Sons, NY). 

The identity of the clones were determined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemicals). 

The resulting recombinant A3-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-5-S35 containing vector 
25 using Sadl and BamHl restriction sites. 

Example 27: Northern analysis 

RNA from the transduced MT2 cells were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
{Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., Wiley & Sons, NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribozyme chimeras of appropriate sizes were expressed fRq. 35.36) . 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs (Figure 3S.3R) . The pattern of 
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expression seen from the A3-5/HHI ribozyme chimera was similar to 12 
other ribozymes cloned into the A3-5 vector (not shown). In MT-2 cell line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell. 

5 Addition of a stem-loop onto the 3' end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 in Fig. 35.36V The S5 construct containing both 
5' and 3* stem-loop structures also did not lead to increased ribozyme 
levels (Fig. 35.36) . 

Interestingly, the S35 construct expression in MT2 cells was about 
1 0 100-fold more abundant relative to the original A3-5/HHI vector transcripts 
(Fig. 35.36). This may be due to increased stability of the S35 transcript. 

Example 28: Cleavage activity 

To assay whether ribozymes transcribed in the transduced cells 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

1 5 cells were incubated with a labeled substrate containing the HHI cleavage 
site (Figure 37). Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity observed in the S35- 
transduced MT2 RNA with that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity corresponds to an intracellular concentration of 
5,000-15,000 ribozyme molecules per cell. 

Example 29: Clonal variation 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was determined by generating several clonal cell lines 
from the bulk S35 transduced CEM line (Curr. Protocols Mol. Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured (Figure 3B and 39) 

30 All the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by Northern analysis. Steady state 
ribozyme levels among the clones ranged from approximately 1,000 
molecules per cell in clone G to 11,000 molecules per cell in clone H (Fig. 
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38). The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled the level measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of cells in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 
still more than 10-fold that seen In bulk cells transduced with the original 
A3-5 vector. Therefore, the S35 gene unit should be much more effective 
10 in a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient. 

Example 30: Stability 

Finally, the bulk S35-transduced line, resistant to G418, was 
propogated for a period of 3 months (in the absence of G418) to determine 

15 if ribozyme expression was stable over extended periods of time. This 
situation mimicks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to propogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31: Design and construction of TRZ-tRNA Chimera 

A transcription unit, termed TRZ, is designed that contains the S35 
25 motif (Figure 52) . A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TRZ-tRNA chimera. 

Referring to Fig. 53-54 . a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig. 53 ) and a hairpin ribozyme (HPITRZ-A; Fig. 54), also 
targeted to site I, is cloned individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Fio. 55) . Applicant has shown that efficient 
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expression of these TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes, desired RNAs like antisense, therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TRZ- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences listed in Figures 40-47 and 50 - 54 are meant to be non- 
limiting examples. Those skilled in the art will recognize that variants 
(mutations, insertions and deletions) of the above examples can be readily 
1 0 generated using techniques known in the art, are within the scope of the 
present invention. 

Example 32: Ribozvme expression in T cell lines 

Ribozyme expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56). The human T cell lines MT2 and CEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
slelctable marker and a ribozyme (S35/HHI) expressed from pol III met] 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectively! expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression in the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human metj tRNA 
sequences. Refering to Figure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha virus vectors and the other derivatives there of, 
can be readily generated to deliver the desired RNA, using techniques 
30 known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol II 
and/or pol III promoters. 

References cited herein, as well as Draper WO 93/23569, 94/02495, 
94/06331, Sullenger WO 93/12657, Thompson WO 93/04573, and Sullivan 
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WO 94/04609, and 93/1 1253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
molecules. 

5 Example 33: Ligated Ribozvmes are catalyticallv active 

The ability of ribozymes generated by ligation methods, described in 
Draper et al., PCT WO 93/23569, to cleave target RNA was tested on either 
matched substrate RNA (Fig. 58) or long (622 nt) RNA (Fig. 59. 60 and fil) 

Matched substrate RNAs were chemically synthesized using solid- 

1 0 phase RNA synthesis chemistry (Scaringe et al., 1990 Nucleic Acids Ras 
18, 5433-5441). Substrate RNA was 5' end-labeled using [y-32pj A -j-p and 
polynucleotide kinase fCurr. Protocols Mol. Binl. 1992, ed. Ausubel et al., 
Wiley & Sons, NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (kcat/KM; Herschlag and Cech, 1990 Biochemistry 29, 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90°C and snap cooling on ice for 10 min 
in a buffer containing 50 mM Tris. HCI pH 7.5 and 10 mM MgCl2- 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37°C. Aliquots of 5 ul were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer fCurr. Protocols Mol. Biol. 1992, ed. Ausubel et al., Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering to Fio. 58. -AG refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto, 1988 Supra) . RPI A is a HH ribozyme with 6/6 
binding arms. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PCR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B, C and D) was transcribed 
from this PCR amplified template using T7 RNA polymerase. The transcript 
was internally labeled during transcription by including [a-32pj OTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 
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treated with DNase-1 , following transcription at 37°C for 2 hours, to digest 
away the DNA template used in the transcription. RNA was precipitated 
with Isopropanol and the pellet was washed two times with 70% ethanol to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in DEPC-treated water and stored at 4°C, Ribozyme 
cleavage reactions were carried out under ribozyme excess (k C at/KM) 
conditions [Herschlag and Cech 1990 supra] . Briefly, 1000 nM ribozyme 
and 10 nM internally labeled target RNA were denatured separately by 
heating to 90°C for 2 min in the presence of 50 mM Tris.HCI, pH 7.5 and 10 
10 mM MgCl2. The RNAs were renatured by cooling to 37°C for 10-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37°C. Aliqubts of 5 u.l were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 34: Hammerhead ribozvmes with > 2 base-paired stem II are 
catalytically active 

To decrease the cost of chemical synthesis of RNA, applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scaringe et at .. 1990 supra). 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as described in example 33. Referring to figures . 
62, 53 and 64, data shows that shortening stem II of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with £ 2 base-paired stem II region 
are catalytically active. 

30 Example 3 5: Synthesis of catalvticallv active hairpin rihp yyppc 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fig. 65 for both the 5' and 3' fragments. The 3' 
fragments are phosphorylated and ligated to the 5' fragment essentially as 
described in example 37. As is evident from the Figure 65 . the 3' and 5' 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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GAAA sequence. When this structure hybridizes to a substrate a 
ribozyme.substrate complex structure is formed. While helix 4 is shown as 
3 base pairs it may be formed with only 1 or 2 base pairs. 

40 nM mixtures of ligated ribozymes were incubated with 1-5 nM 5' 
end-labeled matched substrates (chemically synthesized by solid-phase 
synthesis using RNA phosphoramidite chemistry) for different times in 50 
mM Tris/HCI pH 7.5, 10 mM MgCI 2 and shown to cleave the substrate 
efficiently (EkfiS). 

The target and the ribozyme sequences shown In Ho. 62 and are 
meant to be non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using other sequences and 
techniques generally known in the art. 

V - Construct* of Hairpin Fjihn^yp^ 

There follows an improved trans-cleaving hairpin ribozyme in which a 
new helix (i.e., a sequence able to form a double-stranded region with 
another single-stranded nucleic acid) is provided In the ribozyme to base- 
pa.r with a 5' region of a separate substrate nucleic acid. This helix is 
provided at the 3' end of the ribozyme after helix 3 as shown in Fioure 3 | n 
addition, at least two extra bases may be provided in helix 2 and a portion 
of the substrate corresponding to helix 2 may be either directly linked to the 
5 1 portion able to hydrogen bond to the 3' end of the hairpin or may have a 
l.nker of atleast one base. By trans-cleaving is meant that the ribozyme is 
able to act in trans to cleave another RNA molecule which is not covalently 
talked to the ribozyme itself. Thus, the ribozyme is not able to act on itself 
25 in an Intramolecular cleavage reaction. 

By "base-pair- is meant a nucleic acid that can form hydrogen bond(s) 
with other RNA sequence by either traditional Watson-Crick or other non- 
traditional types (for example Hoogsteen type) of interactions. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
hel.x 5) has several advantages. These include improved stability of the 
nbozyme-target complex In vivo . In addition, an increase in the 
recognition sequence of the hairpin ribozyme improves the specificity of the 
nbozyme. This also makes possible the targeting of potential hairpin 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary structure. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) enhances frans-ligation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu ef a/., 1993 Nucleic Acids Res. 21, 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation (in vitro and in vivo) can be enhanced several fold. 

10 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent. HP 
ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

15 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g., TNF-a) in mammalian cells. Results of these experiments 
are shown below. 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Figures 67-72. HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were still as active as those with 4 base pairs. 

25 VI. Chemical Modification 

Oligonucleotides with 5'-C-alkvl Group 

The introduction of an alkyl group at the S'-position of a nucleoside or 
nucleotide sugar introduces an additional center of chirality into the sugar 
moiety. Referring to F'g, 75, the general structures of S'-C-alkylnucleotides 
30 belonging to the D-allose, 2, and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars D-allose and L-talose 
(Ri = CH 3 in 2 and 3 in Figure 75). Useful specific D-allose and L-talose 
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nucleotide derivatives are shown in Figure 76. 29-32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use of S'-C-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DIM A, and also as antisense oligonucleotides. As 
the term is used in this application, S'-C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5'-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are 5-C-alkylnucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the 5'-C-alkyl group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, if. a 5-G-alkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 5-Oalkylnucleosides, that 
is a nucleotide base having at the 5-position on the sugar molecule an 
alkyl moiety. In a related aspect, the invention also features 5-C- 
35 alkylnucleotides, and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, the invention preferably 
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includes all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure form, as the talose or allose sugar. 

5 Examples of various alkyl groups useful in this invention are shown in 

Figure 75, where each Ri group is any alkyl. These examples are not 
limiting in the Invention. Specifically, an "alky!" group refers to a saturated 
aliphatic hydrocarbon, Including straight-chain, branched-chain, and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

1 0 preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 
=0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. The term also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

15 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 

20 =0, =S. N0 2 , halogen, N(CH 3 ) 2 , amino, or SH. The term "alkyl" also 
includes alkynyl groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 ) 2l amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 

30 aromatic group which has at least one ring having a conjugated ji electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Carbocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R Is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

10 In other aspects, also related to those discussed above, the invention 

features oligonucleotides having one or more 5-C-alkylnucleotides; e.g. 
enzymatic nucleic acids having a 5-C-alkylnucleotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by forming the enzymatic 

15 molecule with at least one nucleotide having at its 5-position an alkyl 
group. In other related aspects, the invention features 5-C-alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The 5'-G-alkyl derivatives of this invention provide enhanced stability 
20 to the oligonulceotides containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodicarboxylate, 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the figures. 

While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particuiary useful for 
35 enzymatic RNA molecules. Thus, below is provided examples of such 
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molecules. Those in the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically, Figure 1 shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This is not to be taken as an indication that the Figure is prior art 
to the pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 1. the preferred sequence of a hammerhead ribozyme 
in a 5- to 3-direction of the catalytic core is CUGANGAG[base paired 
withjCGAAA. In this invention, the use of 5-C-alkyl substituted nucleotides 
1 0 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Figure 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5-C-alkyl-substituted phosphoramidites and the 
1 5 syntheses of the amjdites. 

Example 37: Synthesis of Hammemead Ribo zvmes Containing S'-OAIkyl- 
nucteotides & Other Modified Nucleotides 

The method of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman.N.; Ogilvie.K.K ; Jiang, M.-Y.; 
20 Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe,S.A.; Franklyn.C.; Usman.N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 
3'-end (compounds 26-29 and 56-59). These 5'-C-alkyl substituted 
25 phosphoramidites may be incorporated not only into hammerhead 
ribozymes, but also into hairpin, hepatitis delta virus, Group 1 or Group 2 
intron catalytic nucleic acids, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

Example 38: Methvl-2.3-0-lsopropvlidine-6-De oxv-B-D-allofnranoside (4) 

A suspension of L-rhamnose (100 g, 0.55 mol), CuS0 4 (120 g) and 
cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT, 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residue was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL), dissolved in pyridine (500 mL) 
and cooled to 0 °C. A solution of p-toluenesufonylchloride (107 g , 0.56 
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mmol) in dry DCE (500 mL) was added dropwise over 0.5 h. The reaction 
mixture was left for 16 h at RT. The reaction was quenched by adding ice- 
water (0.5 L) and, after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H2O (2 x 500 mL), 10% H2SO4 (2 x 
5 300 mL), water (2 x 300 mL), sat. NaHC0 3 (2 x 300 mL), brine (2 x 300 
mL) ( dried over MgS04 and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH. The reaction mixture was left for 16 h at 20 °C, neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
10 chloroform (750 mL), filtered , concentrated to 100 mL and purified by flash 
chromatography in CHCI3 to yield 45 g (37%) of compound 4. 

Example 39: Methvl-2.3-Q-lsoproDvndine-5-af-BLrtvldiphenvlsilyl-6> 
Deoxv-p-D-Allofuranoside (5). 

To solution of methylfuranoside 4 (12.5 g 62.2 mmol) and AgN0 3 
15 (21.25 g ( 125.0 mmol) in dry DMF (300 mL) f-butyldiphenylsilyl chloride 
(22.2 g , 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stirred for 4 h at RT, diluted with CHCI3 (200 mL), filtered and 
evaporated to dryness (below 40 °C using a high vacuum oil pump). The 
residue was dissolved in CH2CI2 (300 mL) washed with sat. NaHC0 3 (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgS0 4 and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvl-5-C^f-But yldiDhenvlsilvU6-DeQxy>p^AllofurannsiHp 

25 Methylfuranoside 5 (13.5 g, 30.6 mmol) was dissolved in 

CF 3 COOH:dioxane:H20 / 2:1:1 (v/v/v, 200 mL) and stirred at 24 °C for 45 
m. The reaction mixture was cooled to -10 °C, neutralized with cone. 
NH 4 OH(140mL) and extracted with CH2CI2 (500 mL). The organic layer 
was separated, washed with sat. NaHC0 3 (2 x 75 mL), brine (2 x 75 mL), 

30 dried over MgS04 and evaporated to dryness. The product 6 was purified 
by flash chromatography using a 0-10% MeOH gradient in CH 2 CI 2 . Yield 
9.0 g (76%). 
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Example 41 : Methvl-2.3-di-0-Benzovl-5-0-f- Butvldiphenylsilvl-6-DenyY-p- 
D-Allofuranoside (7). 

Methylfuranoside 6 (7.0 g, 17.5 mmol) was coevaporated with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 mL). Benzoyl chloride 
5 (5.4 g. 38.5 mmol) was added and the reaction mixture was left at RT for 16 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat. NaHCOa (2 x 75 mL), brine (2 x 75 mL) dried over MgS0 4 
and evaporated to dryness. The product was purified by flash 
1 0 chromatography In CH2CI2 to yield 9.5 g (89%) of compound 7. 

Example 42: 1-Q-Acetvl-2.3-di-0-benzovl-5-0-f-Butvldiphfin V ic ; ii Y i.K- 
Deoxv-p-D-Allofuranose (8). 

Dibenzoate 7 (4.7 g, 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL), Ac 2 0 (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

15 cooled 0°C. 98% H 2 S0 4 (0.15 mL) was then added. The reaction mixture 
was kept at 0 °C for 16 h, and then poured into a cold 1:1 mixture of sat. 
NaHC0 3 and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgS0 4 , 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 4.0 g (82% as a mixture of a and p isomers). 

Example 43: 1 -(2'.3'-di-0-Benzovl-5 , -0-/-Butvldiphenvlsilvl-R'-nflnY V -(Un. 
Allofuranosvhuracil (9). 

Uracil (1.44 g, 11.5 mmol) was suspended in mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g, 10.0 mmol) in dry CH3CN (100 mL), followed 
30 by CF 3 S03SiMe3 (2.8 g, 12.6 mmol). The reaction mixture was kept at 24 
°C for 16 h, concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH2CI2 and extracted with sat. NaHC0 3 (2 x 50 mL), brine (2 x 50 mL) 
dried over MgS04, and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 . Yield: 
35 5.7 g (80%). 
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Example 44: A^ -Benzovl-1-f2'.3 , -Di-0-Ben ?ovl-5'-0-/-ButvldiDhenvlsilyl-fi'- 
Deoxy-p-D-AHofuranosyl)Cvtosine MO). 

A^-benzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x .50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL), followed 
by CF3S03SiMe3 (4.76 g, 21.4 mmol). The reaction mixture was boiled 
1 0 under reflux for 5 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHCC>3 (2 x 50 mL). 
brine (2 x 50 mL) dried over MgSCX* and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0-5% MeOH in 
CH 2 CI 2 yielded 1.8 g (55%) of compound 10. 

15 Example 45: A/S-Benzovl-g-^'.S'-di-O-Benzovl-S'-O-f-Butyldiphenvlsilvl-fi'- 
Deoxy-B-D-Allofuranosvnaden»ne (1 1). 

A/6-benzoytadenine (2.86 g, 11.86 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL) followed 
by CF 3 S0 3 SiMe 3 (6.59 g, 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat. NaHC03 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS0 4 and evaporated to dryness. The 
product 11 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH 2 CI 2 . Yield: 2.7 g (60%). 

Example 46: Ag-lsobutvrvl-9-f2'.3'-di-0-Benzovl-5'-0.f-Butvldiphpp V kii Y i. 
30 6'-Deoxy-p-D-Allofuranosvnouanine M2V 

A/2-lsobutyrylguanine (1.47 g , 11.2 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
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solution of of acetates 8 (3.4 g, 5.3 mmol) in dry CH 3 CN (100 mL) followed 
by CF 3 S0 3 SiMe 3 (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH 2 CI 2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL), 
5 brine (2 x 50 mL) dried over MgS0 4 and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CH 2 CI 2 . Yield: 2.1 g (54%). 

Example 47: A/S-Benzovl-g-f^S'-di-O-benzovlfi' -DeoxY-ft -n-Ai^f, 
svhadenine M5). 

1 0 Nucleoside 1 1 (1 .65 g, 2.0 mmol) was dissolved in THF (50 mL) and 

a 1 M solution of TBAF in THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h, evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 to yield 1.0 g 
(85%) of compound 15. 

15 Example 48: /VS-Ben2ovl-9-f2'.3 , -di.O-Rftn 2ovl.5'.O.nim e thoxvtrityi^'. 
Deoxv-B-D-A Hofuranosvn-adenine (19) . 

Nucleoside 15 (0.55 g, 0.92 mmol) was dissolved in dry CH 2 CI 2 (50 
mL). AgN0 3 (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-collidine (0.48 g) were added under Ar. The reaction mixture was 
20 stirred for 2h, diluted with CH 2 CI 2 (100 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 yielded 0.8 g 
(97%) of compound 19. 

Example 49: /V6-Benzovl-9-f-5 , -0 -Dimethoyytrity|.6 , -Deoxy.p-n-Aiin. 
25 furanosyhadenine (23). 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 °C and 2 M NaOH (50 mL) was added. The reaction mixture 
was kept at 0 °C for 45 m, neutralized with Dowex 50 (Pyr+ form), filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-10% MeOH in CH 2 CI 2 yielded 1.1 g (80%) of 23. 
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Example 50: A^ -Ben20vl-9-f-5 , - 0-Dimethoxvtritvl-2'-0-/-hiitvldimethvlsilyl- 
6'-Deoxv-p-D-Allofuranosynadenine (27). 

Nucleoside 23 (1.2 g, 1.8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g, 8 mmol) and AgN03 (0.4 g, 2.3 mmol) were added. After 
5 the AgN03 dissolved (1.5 h), f-butyldimethylsilyl chloride (0.35 g , 2.3 
mmol) was added and the reaction mixture was stirred at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL), filtered into sat. 
NaHC03 (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgS04 and evaporated to dryness. The product 27 was 
10 purified by flash chromatography using a hexanes:EtOAc / 7:3 gradient. 
Yield: 0.7 g (50%). 

Example 51 : /v S-Benzovl-9-f-5'-0-Dimethoxvtritvl-2'-0-f-butvldimftthy kilyl- 
6'-Deoxv-B-D-Allofuranosvnadenine-3 , -f2-Cvan Q ethvl A/./V-diisnp rnpyl. 
phosphoramidite) (31). 

15 Standard phosphitylation of 27 according to Scaringe.S.A.; 

Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433-5441 yielded 
phosphoramidite 31 in 73% yield. 

Example 52: Me thvl-5-0-D-Nitrobenzovl-2.3-0-lsoproDvlidine-fi-deoxv-B-L- 
Tallofuranoside (5) 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphosphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h, EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2CI2 (300 mL) washed with sat. NaHCC>3 (2 x 75 mL), 
brine (2 x 75 mL) dried oyer MgS04 and evaporated to dryness. 
Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and silylation (see preparation of 5) led to L- 

30 talofuranoside 34 which was converted to phosphoramidites 58-61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the D-allo-isomers 29-32. 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
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or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al., PCT WO 94/ 02595. 

5 The ribozymes and the target RNA containing site O were 

synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37°C in the presence of 10 mM MgCfc as 
described above. 

Applicant has substituted 5'-C-Me-L-talo nucleotides at positions A6, 
10 A9, A9 + G10, C1 1.1 and C11.1 + G10, as shown in Figure 78 (HH-01 to 
HH-05). HH-O 1,2,4 and 5 showed almost wild type activity (Figure 79). 
However, HH-03 demonstrated low catalytic activity. Ribozymes HH-01, 
2, 3, 4 and 5 are also extremely resistant to degradation by human 
serum nucleases. 

15 Oligonucleotides with 2'-Deoxv-2'-Alkvlnucleotirift 

This invention uses 2'-deoxy-2'-alkylnucleotides in oligonucleotides, 
which are particularly useful for enzymatic cleavage of RNA or single- 
stranded DNA, and also as antisense oligonucleotides. As the term is used 
in this application, 2'-deoxy-2*-alkylnucleotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
. molecules can be targeted to virtually any RNA transcript. 

Also within the invention are 2'-deoxy-2'-alkylnucleotides which may 
be present In enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker et al. applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-alkyl group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less consequence. Thus, for example, if a 2'-deoxy-2'-alkyl-containing 
5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 
1 0 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2'-deoxy-2'- 
alkylnucleotides, that is a nucleotide base having at the 2-position on the 
sugar molecule an alkyl moiety and in preferred embodiments features 
those where the nucleotide is not uridine or thymidine. That is, the 
15 invention preferably includes all those nucleotides useful for making 
enzymatic nucleic acids or antisense molecules that are not described by 
the art discussed above. 

Examples of various alkyl groups useful in this invention are shown in 
Figure 81, where each R group is any alkyl. The term "alkyl" does not 
20 include alkoxy groups which have an "-O-alkyl" group, where "alkyl" is 
defined as described above, where the O is adjacent the 2-position of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2'-deoxy-2'-alkylnucleotides 
25 (preferably not a 2'-alkyl- uridine or thymidine); e.g. enzymatic nucleic 
acids having a 2'-deoxy-2'-alkylnucleotide; and a method for producing an 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at its 2'-position an alkyl group. In other 
. 30 related aspects, the invention features ^-deoxy^'-alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. . 

The 2'-alkyl derivatives of this invention provide enhanced stability to 
the oligonulceotides containing them. While they may also reduce 
35 absolute activity in an in vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5, 6, 8, 12, and 15.1, and having substituted ribonucleotides at other 
positions in the core and in the substrate binding arms if desired. (The term 
"core" refers to positions between bases 3 and 14 in Figure 80, and the 
binding arms correspond to the bases from the 3'-end to base 15.1, and 
1 0 from the 5-end to base 2). Applicant has found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
determined as described by Usman et ai supra. 

15 Figure 80 shows base numbering of a hammerhead motif in which the 

numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammerhead ribozyme 

20 in a 5'- to 3-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of ^-C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were indeed synthesized, the basic structure composed of 
promarily 2-OMe nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et ai Biochemistry 1992, 31, 
5005-5009 and Paolella et ai. , EMBOJ. 1992, 11, 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Figure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17, all of the modified ribozymes retained at lease 1/10 of 
the wild-type catalytic activity. From Table 45, all 2'-modified ribozymes 
showed very large and significant increases in stability in human serum 

35 (shown) and in the other fluids described below (Example 55, data not 
shown). The order of most agressive nuclease activity was fetal bovine 
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serum. > human serum >human plasma > human synovial fluid. As an 
overall measure of the effect of these 2-substitutions on stability and 
activity, a ratio 6 was calculated (Table 45). This IB value indicated that all 
modified ribozymes tested had significant, >100 - >1700 fold, increases in 
5 overall stability and activity. These increases in 13 indicate that the lifetime 
of these modified ribozymes in vivo are significantly increased which 
should lead to a more pronounced biological effect. 

More general substitutions of the 2'-modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10-fold. 

In Figure 86 compound 37 may be used as a general 
intermediate to prepare derivatized 2'C-alkyl phosphoramidites, 
where X is CH3, or an alkyl, or other group described above. 

15 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2'-C-alkyl substituted phosphoramidites, the syntheses 
of the amidites, their testing for enzymatic activity and nuclease resistance. 

Example 53: Synthesis of H ammerhead Ribozyrrms Containing 2'-Deoxy- 
2'-Alkvlnucl eotides & Other 2'-Modified Nucleotides 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang.M.-Y.; 
Cedergren.R.J. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe.SA; Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 
3'-end (compounds 10. 12, 17, 22, 31, 18, 26, 32, 36 and 38). Other 
2'-modified phosphoramidites were prepared according to: 3 & 4, Eckstein 
et al. International Publication No. WO 92/07065; and 5 Kois et at 
Nucleosides & Nucleotides 1993, 12, 1093-1109. The average stepwise 

30 coupling yields were -98%. The 2'-substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2'-alkyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group I or Group II intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
structure. 

Example 54: Ribozyme Activity Assay 

Purified 5*-end labeled RNA substrates (15-25-mers) and purified 5- 
5 end labeled ribozymes (~36-mers) were both heated to 95 °C f quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were ~ 1 nM. Total reaction volumes were 50 mL The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCfe. Reactions were 
1 0 initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
mL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each time 
point was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
performed using a phosphorimager (Molecular Dynamics). 

15 Example 55: Stability Assay 

500 pmol of gel-purified 5'-end-labeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended in 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The 

20 samples were placed into a 37 °C incubator and 2 mL aliquots were 
withdrawn after incubation for 0, 15, 30, 45, 60, 120, 24Q and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% formamide and 
0.5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size-fractionated by electrophoresis in 20% 
acrylamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent intact ribozyme vs the time of incubation and 

30 extrapolation from the graph. 

Example 56: S'.S'-Orretraisopropvl-disilox ane-l .3-diyl)-2'-Q-Phenoyythio- 
carbonvl-Uridine f7) 

To a stirred solution of S'.S'-O-ftetraisopropyl-disiloxane-l ,3-diyl)- 
uridine, 6 f (15.1 g, 31 mmol, synthesized according to Nucleic Acid 
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Chemistry, ed. Leroy Townsend, 1986 pp. 229-231) and dimethylamino- 
pyridine (7.57 g, 62 mmol) a solution of phenylchlorothionoformate (5.15 
mL, 37.2 mmol) in 50 mL of acetonitrile was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAcrhexanes / 1:1) showed disappearance 
5 of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chloroform, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAcrhexanes / 2:1 as eluent to give 16.44 g (85%) of 7. 

10 Example 57: y.S'-O-rretraisoDropvl- disiloxane-l.a^divn-^C-Allvl -Uridine 
181 

To a refluxing, under argon, solution of S'.S^O^tetraisopropyl- 
disiloxane-1,3-diyl)-2-0-phenoxythiocarbonyl-uridine, 7, (5 g, 8.03 mmol) 
and allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide 
15 (0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAc:hexanes / 1:3 as eluent. Yield 2.82 g (68.7%). 

Example 58: 5'-Q-Dimethoxvtritvl-2 l > C-Allvl-Uridine (Q\ 

20 A solution of 8 (1.25 g, 2.45 mmol) in 10 mL of dry tetrahydrofuran 

(THF) was treated with a 1 M solution of tetrabutylammoniumfluoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chloroform, and the desired deprotected compound was eluted with 

25 chloroform:methanol / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1.2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 

30 with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAc:hexanes / 1:1 as eluent, to give 0.85 g 
(57%) of 9 as a white foam. 
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Example 59: 5'-0-Dimethoxvtritvl-2'-C-AIM-Uridine 3'W2-Cvanoethvl N.N- 
diisopropvlphosphoramidite) MO) 

S'-O-Dimethoxytrityl^'-C-allyl-uridine (0.64 g, 1.12 mmol) was 
dissolved in dry dichloromethane under dry argon. A/,/V-Diisopropylethyl- 
5 amine (0.39 ml_, 2.24 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl /V,A/-diisopropylchlorophosphoramidite (0.35 mL, 1.57 mmol) 
was added dropwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then ice-cooled and 
quenched with 12 mL of dry methanol. After stirring for 5 m, the mixture 
10 was concentrated in vacuo (40 °C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethylamine mixture as eluent. Yield: 0.78 g (90%), white foam. 

Example 60: 3'.5'- 0-(T etraisopropvl-disiloxane-1 .3-diYn-2'-C-AllvI-/vl - 
Acetyl-Cytidine (11) 

1 5 Triethylamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1 ,2,4-triazole (5.66 g. 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.1 1 mmol) in 50 mL of anhydrous acetonitrile. To 
the resulting suspension a solution of 3',5'-0-(tetraisopropyl-disiloxane- 
1,3-diyl)-2'-C-allyl uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was 

20 added dropwise and the reaction mixture was stirred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chloroform and washed with 
water, saturated aq. sodium bicarbonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1 ,4-dioxane and treated with 29% 
aq. NH 4 OH overnight at room temperature. TLC (chloroform:methanol / 
9:1) showed complete conversion of the starting material. The solution was 
• evaporated, dried by coevaporation with anhydrous pyridine and 
acetylated with acetic anhydride (0.52 mL, 5.46 mmol) in pyridine 

30 overnight. The reaction mixture was quenched with methanol, evaporated, 
the residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH in 
chloroform). Yield 2.3 g (90%) as a white foam. 
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Example 61: S'-O-Dimethoxvtrityl^-^ 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

Example 62: S-O-Dimethox^ritvl^'-C-allvl-Afl-Acetvl-Cytidine 3'-(2- 
5 Cyanoethyl /V t A/-diisopropylphosphoramidite) (12) 

. a-O-Dimethoxytrityl-a-C-allyl-A^-acetyl cytidine (0.8 g ( 1.31 mmol) 
was dissolved in dry dichloromethane under argon. A/,/V-DiisopropylethyI- 
amine (0.46 mL, 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/,/V-diisopropylch!orophosphoramidite (0.38 mL ( 1.7 mmol) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of dry methanol. After stirring for 5 m, the 
mixture was concentrated in vacuo (40 °C) and purified by flash 
chromatography on silica gel using chlorofornrethanol / 98:2 with 2% 

1 5 triethylamine mixture as eluent. Yield: 0.91 g (85%), white foam. 

Example 63: 2 , -Deoxv-2 l -Methvlene-Uridine 

2 , -Deoxy-2 , -methylene-3' f 5-0-(tetraisopropyldisiloxane-1 ( 3-diyl)- 
uridine 14 (Hansske,F.; Madej.D.; Robins, M. J. Tetrahedron 1984, 40, 125 
and MatsudaA; Takenuki.K.; Tanaka.S.; Sasaki.T.; Ueda.T. J. Med. Chem. 
20 1991, 34, 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated Jn vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2 , -methylene-uridine (1.0 g, 3.3 mmol, 72.5%) 
was eluted with 20% MeOH in CH 2 CI 2 . 

25 Example 64: S'-ODMT^'-Deoxv-g-Methvlene-Uridine M5) 

2 , -Deoxy-2 , -methylene-uridine (0.91 g, 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCC>3, water and brine. The organic extracts were 
dried over MgS04, concentrated in vacuo and purified over a silica gel 
column using EtOAc:hexanes as eluant to yield 15 (0.43 g, 0.79 mmol, 
22%). 
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Fvamnle 65: S'-O -DMT^'-Deoxv^'-Methylene-Uridine 3'-f2-Cvanoftthvl 
A/ A/-diisopropvlDhosDhoramidite> (171 

1-(2'-Deoxy-2'-methylene-5'-0-dimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.43 g, 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a 
5 round-bottom flask under Ar. Diisopropylethylamine (0.28 mL, 1.6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl /V,/V-diiso- 
propylchlorophosphoramidite (0.25 mL, 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.3 g, 0.4 
1 0 mmol, 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes, containing 1% triethylamine, 
aseluant. R f 0.42 (CH 2 CI 2 : MeOH/ 15:1) 

Example 66: 2 , -Deoxv-2 , -Difluoro methvlen6-3'.fi'-Q.rretraisnproDvldisilox. 
ane-1 .3-diyl)-Uridine 

15 2 , -Keto-3*,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)uridine 14 (1.92 g, 

12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
diglyme (20 mL), and heated to a bath temperature of 160 °C. A warm (60 
°C) solution of sodium chlorodifluoroacetate in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of ~1 h. The 

20 resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 
Deoxy-2'-difluoromethylene-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)- 
uridine (3.1 g, 5.9 mmol, 70%) eluted with 25% hexanes in EtOAc. 

Example 67: 2'-Deoxv-2'-Difluoromethvlfine-Uridinfi 

25 2*-Deoxy-2 , -methylene-3 , ,5'-0-(tetraisopropyldisiloxane-1 l 3-diyl)- 

uridine (3.1 g, 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
2 , -Deoxy-2'-difluoromethylene-uridine (1.1 g, 4.0 mmol, 68%) was eluted 

30 with 20% MeOH in CH 2 CI 2 . 

Example 68: 5'-ODMT-2 , -Deoxv-2'-Difluoromethvl f .nP .Uridin f > nit) 

2*-Deoxy-2'-difluoromethylene-uridine (1.1 g, 4.0 mmol) was 
dissolved in pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
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was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH 2 CI 2 (100 mL) and washed with sat. NaHC0 3 , water and brine. The 
organic extracts were dried over MgS0 4 , concentrated in vacuo and 
5 purified over a silica gel column using 40% EtOAc:hexanes as eluant to 

yield S'-O-DMT^'-deoxy^'-difluoromethylene-uridine 16 (1.05 g, 1.8 
mmol, 45%). 

Example 69: S'-ODMT^'-Deoxv^'-DifluoromethvlPnA -Uridina .T-fP- 
Cvanoethvl A/,A/-diisopropvlDhosph oramiditel fim 

1 0 1 -(2*-Deoxy-2'-dif luoromethylene-5*-Odimethoxytrityl-p-D-ribof urano- 

syl)-uracil (0.577 g, 1 mmol) dissolved in dry CH 2 CI 2 (15 mL) was placed in 
a round-bottom flask under Ar. Diisopropylethylamine (0.36 mL, 2 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,/V-diiso- 
propylchlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture 

1 5 was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.404 g, 0.52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.48 (CH 2 CI 2 : MeOH/ 15:1). 

20 Example 70: 2 , -Deoxv-2'.Me thvlene-3'.5'-0.n-etraisoprnpyldisiloxane.1 3- 
divlM-AZ-Acetvl-Cvtidine 20 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI3 
(0.65 mL, 6.8 mmol) and 1,2,4-triazole (2.1 g, 30.6 mmol) in acetonitrile (20 
mL) at 0 °C. A solution of 2'-deoxy-2 , -methylene-3\5 , -0-(tetraisopropyldi- 

25 siloxane-1,3-diyl) uridine 19 (1.65 g, 3.4 mmol) in acetonitrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH 2 CI 2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 

30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 
NaHC03 (5 mL). The mixture was concentrated in vacuo, dissolved in 

35 CH2CI2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
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organic extracts were dried over Na2SC>4, concentrated in vacuo and the 
residue chromatographed over silica gel. 2 , -Deoxy-2 , -methylene-3',5'-0- 
(tetraisopropyldisiloxane-1,3-diyl)-4-A/-acetyl-cytidine 20 (1.3 g, 2.5 mmol, 
73%) was eluted with 20% EtOAc in hexanes. 

5 Example 71 : 1 -r2'-Deox v-2'-Methvlene-5'-0-Dimfithoxvtritvl-p-n-rihn- 
furanosvn-4-A/-Acetvl-Cvtosine 21 

2'-Deoxy-2 , -methylene-3',5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-4-/V- 
acetyl-cytidine 20 (1.3 g, 2.5 mmol) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 

1 0 residue was triturated with petroleum ether and chromatographed on silica 
gel column. 2 , -Deoxy-2*-methylene-4-/V-acetyl-cytidine (0.56 g, 1.99 mmol, 
80%) was eluted with 10% MeOH in CH2CI2. 2*-Deoxy-2'-methylene-4-A/- 
acetyl-cytidine (0.56 g, 1 .99 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (0.81 g, 2.4 mmol) in pyridine (10 mL) was added 

1 5 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC0 3 (50 mL), water (50 mL) and brine (50 mL). The 
organic extracts were dried over MgS04, concentrated in vacuo and 

20 purified over a silica gel column using EtOAc:hexanes / 60:40 as eluant to 
yield 21 (0.88 g, 1.5 mmol, 75%). 

Example 72: 1-(2'-Deoxv~2^M ethvlene-f;'-0-Dim6thnYYtritvl-R-D-riho. 
furanosyM-ZV-Acetvl-Cvtosine 3'-(2-Cvanofith y|-/V.yv-diisopro PV | P hosphor- 
amidite> (22) 

25 1-(2'-Deoxy-2'-methylene-5 , -0-dimethoxytrityl-p-D-ribofuranosyl)-4^A/- 
acetyl-cytosine 21 (0.88 g, 1.5 mmol) dissolved in dry CH 2 CI 2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.8 mL, 
4.5 mmol) was added, followed by the dropwise addition of 2-cyanoethyl 
/V,/V-diisopropylchlorophosphoramidite (0.4 mL, 1^8 mmol). The reaction 

30 mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup in vacuo (40 °C). The 
product 22 (0.82 g. 1.04 mmol, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant. Rf 0.36 (OteC&MeOH / 20:1). 
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Example 73: 2'-Deoxv-2'-Difluoromethvlene-3'.5'-0-(Tetraisopropvl 
disiloxane-1 .3-divn-4-/S/-AcetvI-Cvtidine (24) 

Et3N (6.9 mL, 50 mmol) was added to a solution of POCI3 (0.94 mL, 
10 mmol) and 1 ,2,4-triazole (3.1 g, 45 mmol) in acetonitrile (20 mL) at 0 °C. 
A solution of 2 , -deoxy-2 , -difluoromethylene-3',5'-0-(tetraisopropyldisilox- 
ane-1,3-diyl)uridine 23 ([described in example 14] 2.6 g, 5 mmol) in 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mixture was concentrated in vacuo, dissolved 
in CH2CI2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over Na2S0 4 concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 
NaHC03 (5mL). The mixture was concentrated in vacuo, dissolved in 
CH 2 CI 2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over f^SO^ concentrated in vacuo and the 
residue chromatographed over silica gel. 2'-Deoxy-2'-difluoromethylene- 
3',5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-4-/V-acetyl-cytidine 24 (2.2 g, 3.9 
mmol, 78%) was eluted with 20% EtOAc in hexanes. 

Example 74: 1-r2'-De oxv-2'-Difluoromethvlene-5'-0-Dimflthoxvtrih/l-p-n- 
ribofuranosvn-4-A/-Acetvl-Cvtosine (25) 

2'-Deoxy-2'-difluoromethylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3- 
diyl)-4-A/-acetyl-cytidine 24 (2.2 g, 3.9 mmol) dissolved in THF (20 mL) was 
treated with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2'-difluoromethylene-4-A/-acetyl-cytidine (0.89 
g, 2.8 mmol, 72%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'- 
difluoromethylene-4-A/-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stirred 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the residue taken up in CH 2 CI 2 
(100 mL) and washed with sat. NaHC0 3 (50 mL), water (50 mL) and brine 
(50 mL). The organic extracts were dried over MgS0 4 , concentrated in 
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vacuo and purified over a silica gel column using EtOAc:hexanes / 60:40 
as eluant to yield 25 (1.2 g, 1.9 mmol, 68%). 

Example 75: 1 -f2'-Deoxv-2'-Difluoromethvlene-5'-0-Dimethoxvtrityl-p.p. 
ribofuranosy0-4-A/-Acetylcvtosine 3'-(2-cvanoethvl-N.N-diisopropy|phos- 
5 phoramidite) (26) 

1-(2'-Deoxy-2'-difluoromethylene-5'-0-dimethoxytrityl-p-D-ribofurano- 
syl)-4-A/-acetylcytosine 25 (0.6 g, 0.97 mmol) dissolved in dry CH2CI2 (10 
ml_) was placed in a round-bottom flask under Ar. Diisopropylethylamine 
(0.5 mL, 2.9 mmol) was added, followed by the dropwise addition of 2- 

10 cyanoethyl A/,/V-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). The 
product 26, a white foam (0.52 g, 0.63 mmol, 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient in hexanes, 

1 5 containing 1 % triethylamine, as eluant. Rf 0.48 (CHaCferMeOH / 20:1 ). 

Example 76: 2'-Keto-3 , .5 , -Q-iT etraisopropyldisiloxane-1 .3-divh-fi- N-fd-t. 
ButvlbenzoyQ-Adenosine f28^ 

Acetic anhydride (4.6 mL) was added to a solution of 3\5'-0-(tetraiso- 
propyldisiloxane-1,3-diyl)-6-/V-(4-f-butylbenzoyl)-adenosine (Brown.J.; 

20 Christodolou, C; Jones.S.; Modak,A.; Reese.C; Sibanda.S.; Ubasawa A. 
J. Chem .Soc. Perkin Trans. /1989, 1735) (6.2 g, 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgSC>4 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 

yield 2'-keto-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butylben- 
zoyl)-adenosine 28 (4.8 g, 7.2 mmol, 78%). 

Example 77: 2'-Deoxv-2 , -methvlenfi-a , R' -Q-rretraisnpropvldisiloyanft-1 3- 
divn-6-A/-f4-f-Butvlbenzovn-Adenosine (2& 

30 Under a pressure of argon, sec-butyllithium in hexanes (1 1.2 mL, 14.6 
mmol) was added to a suspension of triphenylmethylphosphonium iodide 
(7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 °C. The homogeneous 
orange solution was allowed to warm to -30 °C and a solution of 2'-keto- 
3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-/V-(4-f-butylbenzoyl)-adenosine 
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28 (4.87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After warming to RT, stirring was continued for 24 h. THF 
was evaporated and replaced by CH2CI2 (250 mL), water was added (20 
mL), and the solution was neutralized with a cooled solution of 2% HCI. 
5 The organic layer was washed with H 2 0 (20 mL), 5% aqueous NaHC03 
(20 mL), H 2 0 to neutrality, and brine (10 mL). After drying (Na2S0 4 ), the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ethenEtOAc / 7:3 afforded pure ^-deoxy^'-methylene-S'.S'-O-ftetraiso- 
1 0 propyldisiloxane-1 ,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine 29 (3.86 g, 5.8 
mmol, 79%). 

Example 78: 2'-Deoxv-2'-Met hvlene-6-A/-r4-f-Butvlbenzo V n-AdRnnsinP 

2 , -Deoxy-2 , -methylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/ ! - 
(4-f-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) 
1 5 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. 2'-Deoxy-2'-methylene-6-A/-(4-f- 
butylbenzoyl)-adenosine (1.8 g, 4.3 mmol, 74%) was eluted with 10% 
MeOH in CH 2 CI 2 . 

20 Example 79: 5'-0-DMT-2'-Deoxv-2 , -Methvlene-6-/^-r4-/-Butvlben7nyl)- 
Adenosine (29^ 

2 , -Deoxy-2'-methylene-6-A/-(4-f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmol) in pyridine (10 mL). was added dropwise over 15 m. 

25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction, the mixture was concentrated in vacuo and 
the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHC0 3 , 
water and brine. The organic extracts were dried over MgS04, 
concentrated in vacuo and purified over a silica gel column using 50% 

30 EtOAc:hexanes as an eluant to yield 29 (0.81 g, 1 .1 mmol, 62%). 

Example 80: 5'-0-DMT-2'-Deox v.2'-MethvleneT6-A/-r4-<LRiity|ben7oyh. 
Adenosine 3'-f2-Cvanoethvl A/ rV-diisopropvlphosp hnramiHito) foi) 

1-(2 , -Deoxy-2'-methylene-5 , -0-dimethoxytrityl-p-D-ribofuranosyl)-6-/V- 
(4-f-butylbenzoyl)-adenine 29 dissolved in dry CH 2 CI 2 (15 mL) was placed 



WO 95/23225 



PCMB95/00156 



136 

in a round bottom flask under Ar. Diisopropylethylamine was added, 
followed by the dropwise addition of 2-cyanoethyl N,N- 
diisopropylchlorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethanol (1 mL). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 °C). The product was purified by flash 
chromatography over silica gel using 30-50% EtOAc gradient in hexanes, 
containing 1% triethylamine. as eluant (0.7 g, 0.76 mmol, 68%). R f 0.45 
(CH 2 CI 2 :MeOH/20:1) 

Example 81 : 2'-Deoxv-2 , »Difluoromethvlen e-3 , .5 , -0.rTfttraisopropvlHisi| r>y- 
10 ane-1 .3-divh-6-/V-f4-^Butvlbenzovh-Adenosine 

2'-Keto-3',5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/ L (4-f-butyl- 
benzoyl)-adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 11 
mmol ) were dissolved in diglyme (20 mL), and heated to a bath 
temperature of 160 °C. A warm (60 °C) solution of sodium 

15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of ~1 h. The 
resulting mixture was further stirred for 2 h and concentrated in vacuo: The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 
Deoxy-2 , -difluoromethylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/'- 

20 (4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol, 64%) eluted with 15% 
hexanes in EtOAc. 

E xample 82: 2 , -Deoxv-2'-Difluoromethvlene-6-A/-f4-f-Butvlbfin 7 nyl)- 
Adenosine 

2'-Deoxy-2 , -difluoromethylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1 l 3- 
25 diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica gel column. 2'-Deoxy-2'-difluoromethyl- 
ene-6-A/-(4-f-butylbenzoyl)-adenosine (2.3 g, 4.9 mmol, 77%) was eluted 
30 with 20% MeOH in CH 2 CI 2 . 

Example 83: 5 , -0-DMT-2'.Deoxv.2 , -DifluorQmflthy| e ne.fi-A/.^-f .R. ityi. 
benzoyQ-Adenosine (30) 



2 , -Deoxy-2'-difluoromethylene-6-/V-(4-/-butylbenzoyl)-adenosine (2.3 
g, 4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHC03, water and brine. The 
5 organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using 50% EtOAcrhexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol, 69%). 

Example 84: 5'-Q-DMT-2 , -Deox v-2 , .Difluommethvlene-6.<^f4-f.Rirtyl. 
benzovu-Adenosine 3'-f2-Cvanoethvl A/ AMiisopm p ylphosphoramirftta) 
10 (321 

1-(2'-Deoxy-2'-difluoromethylene-5'-0-dimethoxytrityl-p-D-ribofurano- 
syl)-6-Af-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved in dry 
CH2CI2 (25 mL) was placed in a round bottom flask under Ar. 
Diisopropylethylamine (1.2 mL, 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl A/,W-diisopropylchlorophosphoramidite 
(1.06 mL, 4.76 mmol). The reaction mixture was stirred 2 h at RT and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 °C). 32 (2.3 g, 2.4 mmol, 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant. Rf 0.52 (CH 2 CI 2 : MeOH / 
15:1). 

Example 85: 2'-Deoxv-2 , .Metho xvcarbonvlmRthvlidine.a' R , -Q.(Tetraisf>- 
propvldisiloxane-1 .3-divn-Uridina <331 

Methyl(triphenylphosphoranylidine)acetate (5.4 g,16 mmol) was 
25 added to a solution of 2'-keto-3 , ,5 , -0-(tetraisopropyl disiloxane-1 ,3-diyl)- 
uridine 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH2CI2 (100 mL) and water were added (20 mL), and the solution was 
neutralized with a cooled solution of 2% HCI. The organic layer was 
washed with H 2 0 (20 mL), 5% aq. NaHC0 3 (20 mL), H 2 0 to neutrality, and 
30 brine (1 0 mL). After drying (Na 2 S0 4 ), the solvent was evaporated in vacuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution with light petroleum ether.EtOAc / 7:3 afforded pure 2'-deoxy-2*- 

methoxycarbonylmethylidine-S'.S'-O-ttetraisopropyldisiloxane-I.S-diyl)- 
uridine 33 (5.8 g, 10.8 mmol, 67.5%). 
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Example 86: a'-Deoxy^'-Methoxvcarbonvlmethvlidine-Uridine (34) 

Et3N»3 HF (3 mL) was added to a solution of 2 , -deoxy-2 , -methoxy- 
carboxylmethylidine-S'.S'-O^tetraisopropyldisiloxane-I.S-diyO-uridine 33 
(5 g, 9,3 mmo!) dissolved in CH2CI2 (20 mL) and Et3N (15 mL). The 
5 resulting mixture was evaporated in vacuo after 1 h and chromatographed 
on a silica gel column eluting 2 , -deoxy-2 , -methoxycarbonylmethylidine- 
uridine 34 (2.4 g, 8 mmol, 86%) with THF:CH 2 CI 2 / 4:1 . 

Example 87: S'-O-DMT^Deo xv^'-Methoxvcarbonvlmethvlidine-Uridine 
£35) 

10 2 , -Deoxy-2 , -methoxycarbonylmethylidine-uridine 34 (1.2 g, 4,02 

mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g, 4.42 
mmol) in pyridine (10 mL) was added dropwise over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated in vacuo and the residue taken 

15 up in CH2CI2 (100 mL) and washed with sat. NaHC0 3l water and brine. 
The organic extracts were dried over MgSCU, concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH2CI2 as an eluant 
to yield S'-O-DMT^'-deoxy^'-methoxycarbonylmethylidine-uridine 35 
(2.03 g, 3.46 mmol, 86%). 

20 Example 88: S'-O-DMT^'-Deoxv^'-Methoxvcarbonvlmethvlidine-Uridinfi 
3 , -f2-cvanoethvNA/.A/-diisopropvlphosDhoramiditQ) f36) 

1-(2 , -Deoxy-2 , -2 , -methoxycart)onylmethylidine-5 f -0-dimethoxytrityl-p- 
D-ribofuranosyl)-uridine 35 (2.0 g, 3.4 mmol) dissolved in dry CH 2 CI 2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 

25 (1.2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl A/ f W-diisopropylchlorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). 
S'-O-DMT^^deoxy^^methoxycafbonylmethylidine-uridine 3 f -(2- 

30 cyanoethyl-A/,/V-diisopropylphosphoramidite) 36 (1.8 g, 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.44 (CH 2 CI 2 :MeOH / 9.5:0.5). 
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Example 89: 2 , >DeoxV'2 < >Carfaoxvmethvlidine-3 , .5 , -Q-rretrai5;oDroDvldi- 
siloxane-1.3-diyn-Uridine 37 

^-Deoxy-a'-methoxycarbonylmethylidine-S'.S'-O-ttetraisopropyldi- 
siloxane-1 ,3-diyl)-uridine 33 (5.0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stirred solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with 1N HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgS04 
and concentrated in vacuo to yield the crude acid. 2'-Deoxy-2'- 
1 0 carboxymethylidine-S'^'-O-Oetraisopropyldisiloxane-l ,3-diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 1 0-1 5% MeOH in CH 2 CI 2 . 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use In enzymatic cleavage 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
. Sullivan et ai PCT WO 94/02595. 

Oligonucleotides with 3' and/or 5' Dihal ophosphonate 

20 This invention synthesis and uses 3' and/or 5' dihalophosphonate-, 

e.g., 3' or 5'-CF 2 -phosphonate-, substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. . 

As the term is used in this application, 5'- and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et ai., PCT/US94/11649, incorporated by reference herein), and 
chimeras of nucleotides, are catalytic nucleic molecules that contain 5'- 
and/or ^-dihalophosphonate nucleotide components replacing, but not 
limited to, double-stranded stems, single-stranded "catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
intramolecularly If that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript. This invention concerns 
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nucleic acids formed of standard nucleotides or modified nucleotides, 
which also contain at least one S'-dihalophosphonate and/or one 3'- 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-di-0-Bz-D-ribofuranose 5-d- 
5 5+dihalomethyIphosphonate in three steps from 1-0-methyl-2,3-0- 
isopropylidene-B-D-ribofuranose 5-deoxy-5-dihaiomethylphosphonate is 
described (e.g., for the difluoro, in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside S'-deoxy-S'-dihalomethyiphosphonates. These intermediates 

10 may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside S'-deoxy-S 1 - 
dihalomethylphosphonates into suitably protected phosphoramidites 12a 
or solid supports 12b, e.g., Figure 88) or enzymatic means (conversion of 
the nucleoside S'-deoxy-S'-dihalomethylphosphonates into their 

1 5 triphosphates, e.g., 1 4 Figure 89, for T7 transcription). 

Thus, in one aspect the invention features 5* and/or 3'- 
dihalonucleotides and nucleic acids containing such 5* and/or 3'- 
dihalonucleotides. The general structure of such molecules is shown 
below. 



20 



(R 3 0) 2 PCX 2 



R 2 Ri 
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where R-j is H, OH, or R, where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate; each R 2 is separately H, OH, or R; each R 3 is 
separately a phosphate protecting group, e.g., methyl, ethyl, cyanoethyl, p- 
25 nitrophenyl, or chlorophenyl; each X is separately any halogen; and each B 
is any nucleotide base. 

The invention in particular features nucleic acid molecules having 
such modified nucleotides and enzymatic activity. In a related aspect the 
invention features a method for synthesis of such nucleoside 5'-deoxy-5'- 
30 dihalo and/or S'-deoxy-S'-dihalophosphonates by condensing a 
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dihalophosphonate-containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside 5'-deoxy-5'-dihalophosphonate 
and/or a 3'-deoxy-3'-dihalophosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem. Rev. 1977, 77, 
349-367). Blackburn and Kent (J. Chem. Soc, Perkin Trans. 1986, 913- 
917) indicate that based on electronic and steric considerations _-fluoro 
and _,_-difluoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

1 0 triphosphates 1 f where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackburn et at., Nucleosides & Nucleotides 1985, 4, 165-167; 
Blackburn et a/., Chem. Scr. 1986, 26, 21-24). 9-(5,5-Difluoro-5- 
phosphonopentyl)guanine (2) has been utilized as a multisubstrate 

15 analogue inhibitor of purine nucleoside phosphorylase (Halazy et a/. f J. 
Am. Chem. Soc. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester 5*-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the 5'-oxygen (Breaker et a/., Biochemistry 1993, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et ai (Nucleic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methylenephosphonate linkage had a minor 
influence on the conformation of a DNA octamer double helix. 
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One common synthetic approach to cc.cc-difluoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (lithiodifluoromethyl)phosphonate (3) (Obayashi et ai, 
5 Tetrahedron Lett. 1982, 23, 2323-2326). However, our attempts to 
synthesize nucleoside 5'-deoxy-5'-difluoro-methylphosphonates from 5'- 
deoxy-5'-iodonucleosides using 3 were unsuccessful, i.e. starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3, according to the procedure of Martin et ai (Martin et ai, 
10 Tetrahedron Lett. 1992, 33, 1839-1842), led to a complex mixture of 
products. Recently, the synthesis of sugar a,cc-difluoroalkylphosphonates 
from primary sugar triflates using 3 was described (Berkowitz et ai, J. Org. 
Chem. 1993, 58, 6174-6176). Unfortunately, our experience is that 
nucleoside 5 -triflates are too unstable to be used in these syntheses. 

15 The following are non-limiting examples showing the synthesis of 

nucleoside 5'-deoxy-5'-difluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can be readily devised based upon 
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these examples. These examples demonstrate that it is possible to 
achieve synthesis of 5'-deoxy-5'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
5 described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al., 
PCT/US94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90: Synthesis of Nucleoside 5'-Deoxy-5'- 
difluoromethylphosphonates 

Referring to Fig, $7, we synthesized a suitable glycosylating agent 
from the known D-ribose a,a-difluoromethylphosphonate (4) (Martin et al., 
Tetrahedron Lett. 1992, 33, 1839-1842) which served as a key 
15 intermediate for the synthesis of nucleoside 5'- 
difluoromethylphosphonates. 

Methyl 2,3-O-isopropylidene-p-D-ribofuranose a,a- 
difluoromethylphosphonate (4) was synthesized from the 5-aldehyde 
according to the procedure of Martin et al. (Tetrahedron Lett. 1992, 33, 

20 1839-1842) (Figure 87). Removal of the isopropylidene group was 
accomplished under mild conditions (l 2 -MeOH, reflux, 18 h (Szarek et al., 
Tetrahedron Lett. 1986, 27, 3827) or Dowex 50 WX8 (H + ), MeOH, RT 
(about 20-25°C), 3 days) in 72% yield. The anomeric mixture thus 
obtained was benzoylated with benzoyl chloride/pyridine to afford the 2,3- 

25 di-O-benzoyl derivative, which was subjected to mild acetolysis conditions 
(Walczak ©fa/., Synthesis, 1993. 790-792) (Ac 2 0. AcOH, H 2 S0 4 , EtOAc, 
0°C. The desired 1-0-acetyl-2.3-di-0-benzoyl-D-ribofuranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosylation 

30 of silylated uracil and N 4 -acetylcytosine under Vorbruggen conditions 
(Vorbruggen, Nucleoside Analogs. Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26, Plenum Press, New York, London, 
1980; pp. 35-69. The use of FgCSC^OSifCK^ as a glycosylation 
catalyst is precluded because it is expected to lead to the undesired 1- 

35 ethyluracil or 9-ethyladenine byproducts: Podyukova, et at., Tetrahedron 
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Lett 1987, 28, 3623-3626 and references cited therein) (SnCI 4 as a 
catalyst, boiling acetonitrile) to yield p-nucleosides (62% 6a, 75% 6b). 
Glycosylation of silylated N 6 -benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 
5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the cleavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside S-deoxy-S'-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HC0 3 ~) column using a 0.01-0.25 M 
1 0 TEAB gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c). 

Selected analytical data: 31 P-NMR.( 31 P) and 1 H-NMR ( 1 H) were 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDCI3 unless otherwise noted. 5: 1 H 

1 5 5 8.07-7.28 (m, Bz), 6.66 (d, J-j f2 4.5, <xH1), 6.42 (s, pH1), 5.74 (d, J 2|3 4.9, 
pH2), 5.67 (dd, J 3f2 4.9, J 34 6.6, PH3), 5.63 (dd, J 32 6.7, J 3>4 3.6, aH3), 
5.57 (dd, J 2>1 4.5, J 2>3 6.7, aH2), 4.91 (m, H4), 4.30 (m, Cf/ 2 CH 3 ), 2.64 (m, 
CW 2 CF 2 ), 2.18 (s, pAc), 2.12 (s, aAc), 1.39 (m, CH 2 Cf/ 3 ). 31 P 8 7.82 (t, 
J P F 105.2), 7.67 (t, J P F 106.5). 6a: 1 H 6 9.11 (s, 1H, NH), 8.01 (m, 11H, 

20 Bz,' H6), 5.94 (d, J r 2 . 4.1, 1H, HV), 5.83 (dd, J 5>6 8.1, 1H, H5), 5.79 (dd, 
J 2 . f1 . 4.1, J 2 . 3 « 6.5, 1H, H2'), 5.71 (dd, J 3 . 2 . 6.5,'j^. 6.4, 1H, H3'), 4.79 
(dd, J 4 . 3 . 6.4, J 4 . |F 11.6, 1H ( H4'), 4.31 (m, 4H, CH 2 CH 3 ), 2.75 (tq, J H F 
19.6, 2H, CH 2 CF 2 ), 1.40 (m, 6H, CH 2 CH 3 ). 31 P 5 7.77 (t, J P F 104.0). 8c: 
31 P ( vs DSS) (D 2 0) 6 5.71 (t, J P F 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed (H 2 0) 271 nm and 233 nm, confirming that 
the site of glycosylation was N-7. 

Example 91:Svnthesis of Nucleic Acids Contai ning Modified Nucleotide 
Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 

synthesis as described in Usman et at., J. Am. Chem. Soc. 1987, 1 09 1 
7845-7854 and in Scaringe et a/., Nucleic Acids Res. 1990, 18, 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'-end 

35 (Figure 88 and Janda et a/., Science 1989, 244:437-440.). These 
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nucleoside 5'-deoxy-5'-difluoromethylphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group 1 or Group 2 introns, or into antisense oligonucleotides: They 
are, therefore, of general use in any nucleic acid structure. 

5 Example 92: Synthesis of Modified Triphosphate 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in Fig. 89 . according to known procedures. Nucleic Acid Chem. t 
Leroy B. Townsend, John Wiley & Sons, New York 1991, pp. 337-340; 
Nucleotide Analogs, Karl Heinz Scheit; John Wiley & Sons New York 1980, 
10 pp. 211-218. 

Equivalent synthetic schemes for 3' dihalophosphonates are shown in 
Figures 90 and 91 using art recognized nomenclature. The conditions can 
be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
15 advantageous as modified nucleotides in any nucleic acid structure, e.g., 
catalytic or antisense, since they are resistant to exo- and endonucleases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

Oligonucleotides with Amido or Peptido Modification 

This invention replaces 2'-hydroxyl group of a ribonucleotide moiety 
with a 2-amido or 2-peptido moiety. In other embodiments, the 3' and 5* 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptido moieties. Generally, such 
a nucleotide has the general structure shown in Formula I below: 
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FORMULA I 

The base (B) is any one of the standard bases or is a modified 
nucleotide base known to those in the art, or can be a hydrogen group. In 
5 addition, either Ri or R2 is H or an alkyl, alkene or alkyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, e^, R3NR4 where each R3 and R4 independently is 
hydrogen or an alkyl, alkene or alkyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, Le,., an amide), an alkyl group, or 
1 0 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag lines represent hydrogen, or a bond to another base or 
other chemical moiety known in the art. Preferably, one of R-j, R2 and R3 is 
an H, and the other is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
15 complex structural form than DNA because of the presence of the 2'- 
hydroxyl group in RNA. This group is able to provide additional hydrogen 
bonding with other hydrogen donors, acceptors and metal ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2* position, such that significantly more complex 
20 structures can be formed by the modified oligonucleotide. Such 
modification with a 2'-amido or peptido group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex structural formation of the 
oligonucleotide and can form strong complexes with other bases, and 
25 interfere with standard base pairing interactions. Such interference will 
allow the formation of a complex nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oligonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers, that is, randomly 
5 generated oligonucleotides which can be folded into an effective ligand for 
a target protein, nucleic acid or polysaccharide. 

Thus, in one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3' or 5' nucleotide 
10 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the 2-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "0° may be 
replaced with an S, the sugar may lack a base (i.e., abasic) and the 
phosphate moiety may be modified to include other substitutions (see 
15 Sproat, supra). 

Example 93: General proc edure for the preparation of 2 , -aminoacyl-2'- 
deoxv-2'-aminonucleoside conjugates. 

Referring to Fig- 92, to the solution of 2'-deoxy-2 -amino nucleoside (1 
mmol) and N-Fmoc L- (or D-) amino acid (1 mmol) in methanol 

20 [dimethylformamide (DMF) and tetrahydrofuran (THF) can also be used], 1- 
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) [or 1- 
isobutyloxycarbonyl-2-isobutyloxy-1,2-dihydroquinoline (IIDQ)] (2 mmol) is 
added and the reaction mixture is stirred at room temperature or up to 50 
*C from 3-48 hours. Solvents are removed under reduced pressure and 

25 the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are confirmed by 1H NMR spectra of conjugates which show 
correct chemical shifts for nucleoside and aminoacyl part of the molecule. 

30 Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning *H NMR 
resonances for the fully deprotected conjugate. 

Partially protected conjugates described above are converted into 
their S'-O-dimethoxytrityl derivatives and into 3'-phosphoramidites using 
35 standard procedures (Oligonucleotide Synthesis: A Practical Approach, 
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M.J. Gait ed.; IRL Press, Oxford, 1984). Incorporation of these 
phosphoramidites into RNA was performed using standard protocols 
(Usman ef a/., 19B7 supra). 

A general deprotection protocol for oligonucleotides of the present 
5 invention is described in Ha. 93 . 

The scheme shows synthesis of conjugate of 2'-d-2'-aminouridine. 
This is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nucelotides (e.g., adenosine, cytidine, 
1 0 guanosine) and/or abasic moieties. 

Example 94: RNA cleavage by hammerhead ribozymes containing P'- 
aminoacyl modifications. 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
15 positions are modified, individually or in combination, with either 2-NH- 
alanine or 2'-NH-lysine. 

RNA cleavage assay in vitro: Substrate RNA is 5 1 end-labeled using 
[y- 32 P] ATP and T4 polynucleotide kinase (US Biochemicals), Cleavage 
reactions were carried out under ribozyme "excess" conditions. Trace 

20 amount (£ 1 nM) of 5' end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90°C for 2 
min and snap-cooling on ice for 10-15 min. The ribozyme and substrate 
are incubated, separately, at 37°C for 10 min in a buffer containing 50 mM 
Tris-HCI and 10 mM MgCfc. The reaction is initiated by mixing the 

25 ribozyme and substrate solutions and incubating at 37°C. Aliquots of 5 |xl 
are taken at regular intervals of time and the reaction is quenched by 
mixing with equal volume of 2X formamide stop mix. The samples are 
resolved on 20 % denaturing polyacrylamide gels. The results are 
quantified and percentage of target RNA cleaved is plotted as a function of 

30 time. 

Referring to Fig. 95. hammerhead ribozymes containing 2*-NH- 
alanine or 2'-NH-lysine modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Figure 94 and the modifications described in 
Figure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2-hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated using techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacvlation of 3'-ends of RNA 

I. Referring to Fig. 96. 3-OH group of the nucleotide is converted to 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyl 
solid support (for example: CpG). Zig-zag line indicates linkage of 3'OH 
group with the solid support. 

1L Preparation of aminoacyl-derivatized solid support 

A) Synthesis of O-Dimethoxytrityl fO-DMT) amino acids 

15 Referring to Fig. 97. to a solution of L- (or D-) serine, tyrosine or 

threonine (2 mmol) in dry pyridine (15 ml) 4,4 , -dimethoxytrityl chloride (3 
mmol) is added and the reaction mixture is stirred at RT (about 20-25°C) for 
16 h. Methanol (10 ml) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. 

20 NaHC03 and dichloromethane, organic layer was washed with brine, dried 
(Na2S04) and concentrated in vacuo. The residue is purified by flash 
silicagel column chromatography using 2-10% methanol in 
dichloromethane (containing 0.5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

B) Preparation of the solid support and its derivatization with amino acids 

Referring to Fig. 97, the modified solid support (has an OH group 
instead of the standard NH2 end group) was prepared according to 
Haralambidis et al. f Tetrahedron Lett. 1987, 28, 5199, (P denotes 
aminopropyl CPG or polystyrene type support). O-DMT or NH- 
monomethoxytrityl (NH-MMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a base-labile ester bond between amino acids 



30 
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and the support. This support is suitable for the construction of RNA/DNA 
chain using suitably protected nucleoside phosphoramidites. 

Example 96: Aminoacvlation of Spends of RNA 

I. Referring to Fig. 98. S'-amino-containing sugar moiety was 
5 synthesized as described (Mag and Engels, 1989 Nucleic Acids Res. 17, 

5973). Aminoacylation of the 5*-end of the monomer was achieved as 
described above and RNA phosphoramidite of the 5-aminoacylated 
monomer was prepared as described by Usman etal., 1987 supra. The 
phosphoramidite was then incorporated at the 5-end of the oligonucleotide 
1 0 using standard solid-phase synthesis protocols described above. 

II. Referring to Fig. 99 t aminoacyl group(s) is attached to the phosphate 
group at the 5'-end of the RNA using standard procedures described 
above! 

VjL Reversing Genetic Mutations 

1 5 Modification of existing nucleic acid sequences can be achieved by 

homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs, 8 International J. Cell Cloning 
80, 1990, describes targeted gene modification. It reviews the use of 

20 homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. Natl. Acad. Sci. U.S.A. 1735, 1992, describe a specific 
example of in vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment is 
essentially replaced by the oligonucleotide used. 

25 This invention uses a complementary oligonucleotide to position a 

nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity will change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 

30 mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as reverting a mutant phenotype to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 
in a human. 

Referring to Figures 100 and 101 . broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-type. 
5 In one (Fig. 100) the oligonucleotide is used to target RNA specifically. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide or ribozyme) have to be continuously present to revert the 
10 RNA as It is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

15 A second approach targets DNA (Fig. 101) and has the advantage 

that changes may be permanently encoded in the target cell's genetic 
code. Thus, a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to germ-line 
transmission. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY pp 
493-496. 

25 Complementary base pairing to single-stranded DNA or RNA is one 

method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 
. 30 stranded DNA, which is an established technique for binding poly- 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic, T., Strobel, S., & Dervan, P. (1992). Sequence-specific double- 
strand alkylation and cleavage of DNA mediated by triple-helix formation. 
J, Am, Qhem. Soc, 114, 5934-5944 (1992). Knorre, D.G., Valentin, V.V., 

35 Valentina, F.Z., Lebedev, A.V. & Federova, O.S. Design and targeted 
reactions of oligonucleotide derivatives 1-366 (CRC Press, Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oligonucleotides and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incorrect splice into order to obtain correct splicing of a splice mutant globin 
5 gene in vitro. Dominski Z; Kole R (1993) Restoration of correct splicing in 
thalassemia pre-mRNA by antisense oligonucleotides. Proc Natl AnaH firi 
USA 90:8673-7. Analogously, in one preferred embodiment of this 
invention a complementary oligomer is used to correct an existiing mutant 
RNA, instead of the traditional approach of inhibiting that RNA by 
10 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme (see 
Figure 1Q2), by appropriate positioning of an enzyme (or ribozyme) 
15 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U, are most useful, but others can also 
be used if inactivatiori of a harmful RNA is desired. 

RNA editing is an naturally occurring event in mammalian cells in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
post-transcriptionally. Higuchi, M.„ Single, F., Kohler, M., Sommer, B., and 
Seeburg, P. (1993) RNA Editing of AM PA Receptor Subunit GluR-B: A 
base-paired intron-exon structure determines position and efficiency Ceil 
75:1361-1370. The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by normal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the invention is distinct 
30 from techniques in which an active chemical group (e.g., an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate the target RNA or DNA. 

Thus, this invention creates an alteration to. an existing base in a 
nucleic acid molecule so that the base is read in vivo as a different base. 
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This includes correcting a sequence instead of inactivating a gene but can 
also include inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
yjyo the nucleotide base sequence of a naturally occurring mutant nucleic 
5 acid molecule. The method includes contacting the nucleic acid molecule 
in YIYP with an oligonucleotide or peptide nucleic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzymatically alters the targeted 
10 base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter", as rt is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid will be functionally different. Thus, this is "distinct from prior 

1 5 methods of correcting defects in DNA, such as homologous recombination, 
in which an entire segment of the targeted sequence is replaced with a 
segment of DNA from the transfected nucleic acid. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 

20 of merely damaging it, by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a cell can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally alter" is meant that the ability of the taraet nucleic acid 
25 to perform its normal function (i.e.., transcription or translation control) is 
changed. For example, an RNA molecule may be altered so that ft can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By ^mutant" it is meant a nucleic acid molecule which is altered in 
30 some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art, and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like. It also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
35 gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It allows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AIDs RNA, and Alzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type" phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as is necassary. When treating an infection, such as HIV, it 
concerns inactivation of a gene in the HIV RNA by mutation of the mutant 
(/.a, non-human gene) to a wild type (i.e., no production of a non-human 
protein). Such modification is performed in trans rather than in cis as in 
1 0 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17-22) sufficient to activate dsRNA deaminase in 
vivo to cause conversion of an adenine base to inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
15 chemically modify a base (see below); the nucleic acid molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 
methylcytosine to thymidine, cytosine to uracil, or adenine to inosine, or 
methtylation of cytosine to 5-methylcytosine. 

20 In a most preferred embodiment, the invention features correction of a 

mutation, rather than inactivation of a target by causing a mutation. 

Using in vitro directed evolution, it is possible to screen, for ribozymes 
with catalytic activities different than RNA cleavage, Bartel, D. and 
Szostak, J. (1993) Isolation of new ribozymes from a large pool of random 

♦25 sequences. Science 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic acid molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying activities can change one nucleotide to another 
(or modify a nucleotide so that it will be repaired by the cellular machinery 
to another nucleotide). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodiment of 
35 adding sequences is described by Sullenger and Cech, PCT/US94/12976 
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hereby incorporated by reference herein), in which entire exons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 - 3). 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to determine that such molecules would be useful, and to provide a 
description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes, including liposomes and cationic lipid complexes. If the in situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecules 
endogenously, analogously to antisense or ribozymes expression vectors. 
15 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Firstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the corrected gene would be 
properly regulated by its natural transcriptional promoter. Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein (e.g., in sickle cell anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endogenous Mammalian RNA Editing System 

25 It was observed in the mid-1980s that the sequence of certain cellular 

RNAs were different from the DNA sequence that encodes them. By a 
process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional conformation (for a review 

30 see Bass, B. L (1993) In The RNA World. R. Gesteland, R. and Atkins, J. 
eds. (Cold Spring Harbor, New York; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing process is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 
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mammals (Bass, supra). The predominant mode of RNA editing in 
mammalian system is base modification (C -> U and A -» G). The 
mechanism of RNA editing in the mammalian system is postulated to be 
that C-»U conversion is catalyzed by cytidine deaminase. The mechanism 
5 of conversion of A-»G has recently been reported for glutamate receptor B 
subunit (gluR-B) in rat PC12 cells (Higuchi, M. et al. (1993) C_gji 75, 1361- 
1370). According to Higuchi gluR-B mRNA precursor attains a structure 
such that intron 1 1 and exon 1 1 can form a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific v 
10 adenosine deaminase enzyme. The deamination will result in the 
conversion of A-H. Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A. 

In the present invention, the endogenous deaminase activity or other 
such activities can be utilized to achieve targeted base modification. 

15 The following are examples of the invention to illustrate different 

methods by which in vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those in the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

20 Example 97 : Exploiting cellular dsRNA dependant Adenine to Inosine 
converter: 

An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to inosines in double stranded 
RNA. (Bass, B. L, & Weintraub, H. (1988). An unwinding activity that 

25 covalently modifies it double-stranded RNA substrate. Cell. 55, 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon is incorporated into the coding 
region of dystrophin, which is fused to the reporter gene luciferase. This 

30 stop codon can be reverted by targeting an antisense RNA which is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
Inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert the stop codon. 
While other A's in this region may be converted to I's and read as G, 

35 converting an A to I (G) cannot create a stop codon. The A to I transitions 
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in the region surrounding the target mutation will create some point 
mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell lysate and assayed 
5 for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 103, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the lysate treated complex. As a control, an irrelevant non- 
complementary RNA oligonucleotide was added to the 
10 dystrophin/Iuciferase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A's in the targeted region may have been converted to I's 
15 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5' to 3'): 

CCCGCGGTAGATCTTTCTGGAGGCTTACAGTmCTACAAACCTCC 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Figure 104. fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC-CMV (Invitrogen, San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the. insert from the H/nd III site to 
the start of the luciferase coding region is (5* to 3'): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 
CTGTAAGCCTCCAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649-3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac II site at the 3' end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega, Madison, Wl). 

5 Xenopus nuclear extracts were prepared in 0.5X TGKED buffer (0.5X= 

25mM Tris (pH 7.9), 12.5% glycerol, 25 mM KCI, 0.25mM DTT and 0.05mM 
EDTA), by vortexing nuclei and resuspended in a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L. & Weintraub, H. 
Cell 55, 1 089-1 098 (1 988). 

10 The target mRNA at 500ng/ul was pre-annealed to 1 micromolar 

complementary or Irrelevant RNA oligonucleotide by heating to 70°C, and 
allowing it to slowly cool to 37°C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing 1mM ATP, 15mM EDTA, 1600un/ml RNasin 

1 5 and 12.5mM Tris pH 8 to a total volume of 12ul. Bass, B.L. & Weintraub, H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 25°C. Next, 1.5ul of this mixture was added to 
a rabbit reticulocyte lysate in vitro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 

20 Gaithersberg, MD), except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA carried through from the nuclear 
extract mixture. Luciferase assays were performed on 15ul of extract with 
the Promega luciferase assay system (Promega, Madison, Wl), and 
luminescence was detected with a 96 well luminometer, and the results are 

25 displayed in the graph in figure 102. 

Example 98: Base changing activities 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, A.V. & Federova, 

30 O.S. Design and targeted reactions of oligonucleotide derivatives 1 -366 
(CRC Press, Novosibirsk, 1993) and Povsic, T., Strobel, S. & Dervan, P. 
Sequence-specific double-strand alkylation and cleavage of DNA 
mediated by triple-helix formation J. Am. Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 

35 bases in targeted RNA or DNA have been conjugated to oligonucleotides. 
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Additionally enzymes that modify nucleic acids have been conjugated to 
oligonucleotides. (Knorre, D.G.. Valentin, V.V., Valentina, F.Z., Lebedev, 
A.V. & Federova, O.S. Design and targeted reactions of oligonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk, 1993). In the past these 
5 conjugated chemical groups or enzymes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand interactions, in order to achieve in situ reversion of mutations, 
1 0 as described herein (see figure 100-104) . 

1. Deamination of 5-methylcytosine to create thymidine 
(performed by the enzyme cytidine deaminase (Bass, B.L in The RNA 
World (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder, Jones and Bartlett 
Publishers, Inc., Boston,1987, PP.226-230.). Additionally hydroxylamine 
or related compounds can transform C to be read at T (Microbial Genetics, 
David Freifelder, Jones and Bartlett Publishers, Inc., Boston,1987, PP.226- 
230.) 

20 2. Deamination of cytosine to create uracil (performed by the 

enzyme cytidine deaminase (Bass, B.L. in The RNA World (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidative deamination (Microbial 
Genetics, David Freifelder, Jones and Bartlett Publishers. Inc., 

25 Boston, 1987, PP.226-230.) 

3. Deamination of Adenine to be read like G (Inosine) (as done 
by the adenosine deaminase, AMP deaminase or the dsRNA deaminating 
activity ( Bass, B.L. in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uracil) to 0 2 -methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine by alkynitrosoureas (Xu, and 
Swann, Tetrahedron Letters 35:303-306 (1994)). 
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6. Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
sulfonate (EMS) Microbial Genetics, David Freifelder, Jones and Bartlett 

5 Publishers, Inc., Boston.1 987, PP.226-230. 

7. Amination of uracil to cytosine (as performed by the cellular 
enzyme CTP synthetase (Bass, B.L in The RNA World (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, 1993). m 

The following are examples of useful chemical modifications that can 
10 be utilized in the present invention. There are a few preferred 
straightforward chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targetting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine, or purine to 
purine) in RNA or DNA. The transversions (pyrimidine to purine, or purine 
to pyrimidine) are not preferred because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transformations. The bold footnotes refer to the reaction on the opposite 
25 DNA strand. For example, if one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change a T to a C in 
the opposing strand. In this example an A/T base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 



Mutant base A 



T(U) 



C 
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Deamination of 5-methylcytosine to create thymidine. 
Deamination of cytosine to create uracil. 
Deamination of Adenine to be read like G (Inosine). 
Methylation of cytosine to 5-methylcytosine. 



5 Transforming thymidine (or uracil) to 02-methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine (Xu, and Swann, Tetrahedron 
Letters 35:303-306 (1994)). 

6 Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophvsica Acta 
521:770-778 (1978)). 7 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 
In Vitro Selection Strategy 

Referring to Figure 105. there is provided a schematic describing an 
approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itself (this is similar to approaches 
already used to select for RNA ligases, Bartel, D. and Szostak, J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1418). A degenerate loop opposing the base to be 
modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is, using standard in 
vitro evolution protocol. Tuerk and Gold, 249 Science 505, 1990) , and 
then the DNA is selected for having a base change. A restriction enzyme 
cleavage and size selection or its equivalent is used to isolate the fraction 
of DNAs with the appropriate base change. The cycle could then be 
repeated many times. 
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The in vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 
635-641; Joyce, G. F. (1992) Scientific American 2 67. 90-97) and Szostak 
(Battel, D. and Szostak, J. (1993) Science.261:141 1-1418; Szostak, J. W. 
5 (1993) TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide), 2) 
complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

1 5 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105), such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 
conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methionine (if 
methyiation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic acids is RNA). Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can either be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PCR and RE sites for cloning) is 
ligated to the termini of the active pool to facilitate PCR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacterial hosts. Recombinant plasmids can then be 
isolated from transformed bacteria and the identity of clones can be 
determined using DNA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the ribozyme could be evolved to specifically bind a 
protein having an enzymatic base changing acitivity. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo. The ribozymes or above noted antisense-type 
10 molecules can be administered by methods discussed in the above 
referenced art. 

VHI. Administration of Nucleic Acids 

Applicant has determined that double-stranded nucleic acid lacking 
a transcription termination signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop f i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturation ("bubble" formation) within the 
double stranded nucleic acid (Thomas et al., 1976 Proc. Natl. Acad. Sci. 
USA 73, 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-loop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant indicates that expression of enzymatically 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the invention features a method for introduction 

of enzymatic nucleic acid into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has sufficient 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair structure under physiological conditions. The R-loop is formed in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 
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conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. 

By "complex" is simply meant that the two nucleic acid molecules 
interact by intermolecular bond formation (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it is able to 
cause initiation of transcription from the first nucleic acid molecule. 

<• The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 

10 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved. In addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et a/., 

15 International Publication No. WO 92/07065; Perrault et al. 9 1990 Nature 
344, 565; Pieken et a/., 1991 Science. 253, 314; Usman and Cedergren, 
1992 Trends in Biochem. Sci . 17, 334; Usman et a/., International 
Publication No. WO 93/15187; and Rossi et a/., International Publication 
No. WO 91/03162, as well as Sproat.B. European Patent Application 

20 92110298.4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All these 
publications are hereby incorporated by reference herein. 

By "sufficient complementarity" is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those in the art will recognize routine tests by which such sufficient base 
pairs can be determined. In general, between about 15-80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37°C, but it is simply desirable in this 
invention that the R-loop structure exists to some extent at the site of action 
so that the expression of the desired nucleic acid will be achieved at that 
35 site of action. While it is preferred that the R-loop structure be stable under 
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those conditions, even a minimal amount of formation of the R-loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Daube and von Hippel, 1992 Science 258, 1320). 
Such expression can thus only be achieved if an R-loop structure is truly 
formed with the second nucleic acid. If a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a site distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a nrtethod for introduction 

of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated it will continue until the first nucleic acid is degraded. 

1 5 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well known in the art, which will aid in 
targeting the R-loop complex to a desired cell or tissue. 

20 In preferred embodiments, the first nucleic acid is a plasmid, e.g., 

one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is formed of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalently bonded with a ligand such as a nucleic acid, protein, peptide, 

25 lipid, carbohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimide or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene, 
e.g., it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 

30 no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucleosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is formed with a plurality of 
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intramolecular and intermolecular cleaving enzymatic nucleic acids to 
allow release cff therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-loop complex 

An R-loop complex is designed to provide a non-integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides in length, to a DNA expression 

10 plasmid resulting in an R-loop structure (see figure 106) . This RNA, when 
conjugated with a ligand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-Iigand complex. Formation of R-loops in 
general is described by DeWet, 1987 Methods in Enzvmol. 145, 235; 
Neuwald et al. f 1977 J. Virol. 21,1019; and Meyer et aL, 1986 J. Ult. Mol. 

15 Str. Res. 96, 187. Thus, those in the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the' 
RNA will result in the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence identical to the RNA will be displaced into 

25 a loop-like structure called the R-loop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the B-galactosidase 
gene. The R-loop was initiated either in the promoter region or in the 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibited expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the first 80 

35 nucleotides of the mRNA increased the expression levels 8-10 fold. The 
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proposed mechanism is that R-loop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Alternatively, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Daube and von Hippel, 1 992, supra) . 

5 One of the salient features of this invention is to generate R-loops in 

expression vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector. The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the plasmid and initiates transcription, the 
1 0 process will continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to construct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
15 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme (see 
figure 107) as described by Draper supra. 

Liaand Targeting 

Another salient feature of this invention is that the RNA used to 

20 generate R-loop structures can be covalently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific Jigands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help internalize a 
. plasmid containing an R-loop. Thus, RNA is used to attach the. ligand to the 

25 DNA such that localization of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 carbon 
spacer having a terminal primary amine into the RNA (see figure 1081 This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

30 and Low, 1994 J, Biol. Qhem. 269, 3198-3204). The RNA containing a 6 
carbon spacer with a terminal amine group is mixed with folate and the 
mixture is reacted with activators like 1-(3-Dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDO). This reaction should be carried 
out in the presence of 1-Hydroxybenzotriazole hydrate (HOBT) to prevent 

35 any undesirable side reactions. 
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The RNA can also be derivatized with a heterobifuctional 
crosslinking agent (or linker) like succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMPB introduces a maleimide 
into the RNA. This maleimide can then react with a thiol moiety either in a 
5 peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using succinylacetylthioacetate. 
The amino linker can be attached at the 5' end or 3' end of the RNA. The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 

1 0 increasing the accessibility of the ligand for Its receptor and not interfering 
with the hybridization. These techniques can be used to link peptides such 
as nuclear localization signal (NLS) peptides (Lanford et al., 1984 Cell 37, 
801-813; Kalderon et al., 1984 £eH 39, 499-509; Goldfarb et al., 1986 
Nature 322, 641-644)and/or proteins like the transferrin (Curiel et al., 1991 

1 5 Proc. Natl. Acad. Sci. USA 88, 8850-8854; Wagner et al., 1 992 Proc. Natl. 
Acad. Sci. USA 89, 6099-6103; Giulio et al., 1994 Cell. Signal. 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-loop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 

20 or the thiols can be introduced into the protein itself using either 
iminothiolate or succinimidyl acetyl thioacetate (SATA; Duncan et al., 1983 
Anal. Biochem 132, 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

In addition liposomes can be used to cause an R-loop complex to be 
25 delivered to an appropriate intracellular cite by techniques well known in 
the art. For example, pH-sensitive liposomes (Connor and Huang, 1986 
Cancer Res. 46, 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-mediated delivery of 
the R-loop complex in to desired cells can also be readily acomplished. 

30 In vitro Selection 

In vitro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
35 receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce, 1992 
Science 257, 635-641; Joyce, 1992 Scientific American 267, 90-97) and 
Szostak (Bartel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIB$ 17, 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand DNA), 2) 

1 0 complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor, 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

15 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce, 1992 Science 257, 635-641). In this invention/the 
degenerate domain is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions that 
ensure equilibrium binding to either double-stranded DNA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
supra). The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules are then cloned in to appropriate vectors. 
Recombinant plasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 

30 Other embodiments are within the following claims. 
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TABLE I 



Characteristics of Ribozy mes 

Group I Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavaqe 
site, a 
Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophila rRNA, funga! mitochondria, chloroplasts, phage T4 blue- 
green algae, and others. ' 

RNAseP RNA (M1 RNA) 
Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA precursors 
to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage site 
Binds a variable number nucleotides on both sides of the cleavaqe 
site. * 
14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Fiqures 1 
and 2) 

Hairpin Ribozyme 

Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3' of the cleavage site 
Binds 4-6 nucleotides at 5' side of the cleavage site and a variable 
number to the 3* side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. - 

Binding sites and structural requirements not fully determined 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 
Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined. Only 1 

known member of this class. Found in Neurospora VS RNA (Figure 5) 
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Table 2 

Human ICAM HH Target sequence 



nt: Position Target Sequences 



11 


CCCCAGU C GACGCOG 


23 


CUGAGCU C CUCCGCU 


26 


agcdccu c UGcmca 


31 


cucrjGca a otcagag 


34 


UGOIACU C AGAGUDG 


40 


UCAGAGU U GCAACCU 


48 


GCAACCU C AGCCOCG 


54 


UCAGCCU C GCUAJJGG 


58 


CCOCGCU A UGGCUCC 


64 


UAUGGCU C CCAGCAG 


96 


CCGCAOJ C OJGGUCC 


102 


UCCTOGU C CUGCUCG 


108 


UCCUGCU C GGGGCUC 


115 


CGGGGCO C UGUUCCC 


119 


GCUCUGU U CCCAGGA 


120 


CDCDGOa C CCAGGAC 


146 


CAGACAU C UGUGUCC 


152 


UCUGDGU C CCCCDTA 


158 


UCCCQCTJ C AAAACT1P 


165 


CAAAAGU C AnPTTR^T' 


168 


AAGDCAtT C t *i KyrrY' 


185 


GGAGGCTJ p rnnra~nr 


209 




227 




230 


AAGUUGU U GGGCADA 


237 


UGGGCAU A GAGACCC 


248 


ACCCCGU U GCCUAAA 


253 


GUUGCCU A AAAAGGA 


263 


AAGGAGTJ U GCUCCUG 


267 


AGUUGCU C CDGCCUG 


293 


AAGGUGU A UGAACDG 


319 


AGAAGAU A GCCAACC 


335 


AUGUGCU A UDCAAAC 


337 


GUGCUAU U CAAACUG 


338 


UGCUAUU C AAACUGC 


359 


GGGCAGU C AACAGCO 


367 


AACAGCU A AAACCUU 


374 


AAAACCU U CCUCACC 


375 


AAACCUU C CUCACCG 


378 


CCUUCCU C ACCGUGU 



nt. Position Target Sequences 



386 


ACCGDGU A CuGGACU 


394 


CUGGACU C CAGAACG 


420 


CACCCCU C CCCUCUU 


425 


CUCCCCU C CTJGGCAG 


427 


CCCCUCU U GGCAGCC 


450 


AGAACCU U ACCCUAC 


451 


GAACCUU A CCCUACG 


456 


UUACCCU A CGCUGCC 


495 


CCAACCU C ACCGUGG 


510 


UGCUGCU C OGUGGGG 


564 


CUGAGGU C ACGACCA 


592 


GAGAGAU C ACCADGG 


607 


AGCCAAU U UCUCGUG 


608 


GCCAAUU u cncc^mr 


609 


CCAADUTJ C TlC^^TYZf*^ , 


611 




656 


GAGCDGTl 17 mcirisr 


657 




668 


21 Zlf^fYTT O f<*^ww^ 

«**«*-rtJ_i-VJ GGCCCCC 


677 


w-LLLLU A CCAGCUC 


684 


AUUftucu C CAGACCU 


692 




693 


^>.Tfti,vuu U GuCCUGC 


696 


CCHririr*TT r* mryvTir* 

VVUVJUVJU V- I— IjIjI A ,./^C t 


709 


AGCGAOJ C CCCCACA 


720 


CACAACU U GUCAGCC 


723 


AACUUGU C AGCCCCC 


735 


CCCGGGU C CUAGAGG 


738 


GGGUCCU A GAGGUGG 


765 


CCGUGGU C UGUUCCC 


769 


GGUCUGU U CCCUGGA 


770 


GUCUGUU C CCUGGAC 


785 


GGGCUGU U CCCAGUC 


786 


GGCUGUU C CCAGUCU 


792 


• OCCCAGU C UCGGAGG 


794 


CCAGUCU C GGAGGCC 


807 


CCCAGGU C CACCUGG 


833 


CAGAGGU U GAACCCC 


846 


CCACAGU C ACCUAUG 


851 


GUCACCU A UGGCAAC 
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863 


AACGACU C CUUCUCG 


866 


GACUCCU U CUCGGCC 


867 


ACUCCUU C UCGGCCA 


869 


UCCUUOJ C GGCCAAG 


881 


AAGGCCU C AGUCAGU 


885 


CCDCAGU C AGUGuGA 


933 


GUGCAGU A ADACUGG 


936 


CAGUAAU A CCGGGGA 


978 


UGACCAU C UACAGCU 


980 


ACCADCU A CAGCUUU 


966 


UACAGCU U UCCGGCG 


987 


ACAGCDU D CCGGCGC 


988 


CAGCUUU C CGGCGCC 


1005 


ACGCGAU U CUGACGA 


1006 


. CGUUAJJU C UGACGAA 


1023 


CAGAGGU C DCAGAAG 


1025 


GAGGUCU C AGAAGGG 


1066 


CCACCCa A GAGCCAA 


1092 


ADGGGGO U CCAGCCC 


1093 


UGGGGUU C CAGCCCA 


1125 


CCCAGCU C CCGCUGA 


1163 


CGCAGCU U CDCCUGC 


1164 


GCAGCUU C DCCUGCU 


1166 


agcddco c caccaca 


1172 


UCCDGCU C UGCAACC 


1200 


GCCAGCU U AUACACA 


1201 


CCAGCUU A UACACAA 


1203 


AGCUUAU A CACAAGA 


1227 


GGGAGCa U CGUGUCC 


1228 


GGAGCUU C GDGOCCa 


1233 


UUCGUGU C CUGUAUG 


1238 


GUCCUGU A UGGCCCC 


1264 


GAGGGAU U GDCCGGG 


1267 


GGAUOGU C CGGGAAA 


1294 


AGAAAAD U CCCAGCA 


1295 


GAAAAUU C CCAGCAG 


1306 


GCAGACU C CAADGDG 


1321 


CCAGGCa 0 GGGGGAA 


1334 


AACCCAU U GCCCGAG 


1344 


CCGAGCU C AAGOGtJC 


1351 


CAAGUGU C UAAAGGA 


1353 


AGUGUCU A AAGGADG 


1366 


UGGCACU U UCCCACU 


1367 


GGCACUU U CCCACDG 


1368 


GCACDUa C CCACUGC 


1380 


UGCCCAU C GGGGAAU 


1388 


GGGGAAU C AGUGACU 


1398 


UGACUGU C ACUCGAG 


1402 


UGUCACU C GAGAUCU 



1408 


UCGAGAU C UUGAGGG 


1410 


GAGAUCU U GAGGGCA 


1421 


GGCACCa A CCUCUGU 


1425 


CCUACCU C UGOCGGG 


1429 


CCUCUGU C GGGCCAG 


1444 


GAGCACU C AAGGGGA 


1455 


GGGAGGU C ACCCGCG 


1482 


AUGOGCU C UCCCCCC 


1484 


G^^CUOT C CCCCCGG 


1493 


CCCCGGU A UGAGAIJU 


1500 


AUGAGAU U GUCADCA 


1503 


AGAUUGU C AUCADCA 


1506 


UUGUCAU C AUCACUG 


1509 


CCADCAU C ACUGUGG 


1518 


CUGUGGU A GCAGCCG 


1530 


CCGCAGU C AUAAUGG 


1533 


CAGUCAU A AUGGGCA 


1551 


CAGGCCU C AGCACGU 


1559 


AGCACGU A CCUCUAU 


1563 


CGUACCU C UAUAACC 


1565 


OACCUCU A UAACCGC 


1567 


CCUCUAU A ACOGCCA 


1584 


GGAAGAU C AAGAAAU 


1592 


AAGAAAU A CAGACUA 


1599 


ACAGACU A CAACAGG 


1651 


CACGCCU C CCUGAAC 


1661 


UGAACCU A UCCCGGG 


1663 


AACCUAD C CCGGGAC 


1678 


AGGGCCU C UUCCUCG 


1680 


GGCCUCU U CCUCGGC 


1681 


GCCUCUU C COCGGCC 


1684 


UCUUCCU C GGCCUUC 


1690 


UCGGCCU U CCCAUAU 


1691 


CGGCCUU C CCAUAUU 


1696 


UUCCCAU A UUGGUGG 


1698 


CCCAUAU U GGUGGCA 


1737 


AAGACAU A UGCCAUG 


•1750 


CGCAGCU A CACCUAC 


1756 


UACACCU A CCGGCCC 


1787 


AGGGCAU D GUCCUCA 


1790 


GCAUUGU C CUCAGUC 


1793 


UUGUCCU C AGUCAGA 


1797 


CCUCAGU C AGAUACA 


1802 


GUCAGAU A CAACAGC 


1812 


ACAGCAU U UGGGGCC 


1813 


CAGCAUU U GGGGCCA 


1825 


CCADGGU A CCUGCAC 


1837 


CACACCU A AAACACU 


1845 


AAACACU A GGCCACG 
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1856 

1861 

1865 

1868 

1877 

1901 

1912 

1922 

1923 

1928 

1930 

1964 

1983 

1996 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2173 

'2174 

2175 

2176 

2183 

2185 

2186 

2187 
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174 



CACGCAU.C UGAUCUG 2189 

AUCUGAU C UGUAGUC 2196 

GADCUGU A GUCACAU 2198 

CUGUAGU C ACAUGAC 2199 

CAUGACU A AGCCAAG 2200 

CAAGACU C AAGACAU 2201 

ACADGAU Q GADGGAU 2205 

UGGAUGU U AAAGOOJ 2210 

GGAJOGUU A AAGUCUA 2220 

UUAAAGO C UAGCCUG 2224 

AAAGGCU A GCCCGAU 2226 

GAGACAU A GCCCCAC 2233 

AGGACAU A CAACUGG 2242 

GGGAAAU A CUGAAAC 2248 

UGAAACU U GCOGCOJ 2254 

GCUGCCU A DDGGGUA 2259 

OGCCDAU U GGGUAUG 2260 

AUUGGGU A UGCUGAG 2266 

ACAGACU U ACAGAAG 2274 

CAGACUU A CAGAAGA 2279 

UGGCCCU C CAUAGAC 2282 

CCUCCAU A GACAUGU 2288 

CADGUGU A GCAUCAA 2291 

GUAGCAU C AAAACAC 2321 

CCACACU U CCUGACG 2338 

CACACUU C CUGACGG 2339 

GCCAGCU U GGGCACU 2341 

CCGCUGU C UACUGAC 2344 

GCUGUCU A CUGACCC 2358 

CAACCCU U GAUGAUA 2359 

UGAUGAU A DGUADUU 2360 

GAUAUGU A UUUAUUC 2376 

UAUGUAU U UAUUCAU 2377 

AUGUAUU U AUUCAUU 2378 

UGUAUUU A DUCAUDU 2379 

UADUUAU U CAUUUGU 2380 

AUUUAUU C ADUUGUU 2382 

UAUUCAU U UGUUAUU 2384 

AUUCAUU U GUUAUUU 2399 

CAUUUGU U AUUUUAC 2401 

AUUUGUU A UUUUACC 2411 

UUGUUAU U UUACCAG 2417 

UGUUAUU U UACCAGC 2418 

GUUAUUU U ACCAGCU 2425 

UUAUUUU A CCAGCUA 2426 

ACCAGCU A UUUAUUG 2433 

CAGCUAU U UAUUGAG 2434 

AGCUAUU U AUUGAGU 2448 

GCUAUUU A UUGAGUG 2449 



UAUUUAU U GAGUGUC 
CGAGUGU C UUUUAUG 
AGUGUCU U UUAUGUA 
GUGUCUU U UAUGUAG 
UGUCUUU U AUGUAGG 
GUCUUUU A GGUAGGC 
UUUADGU A GGCUAAA 
GUAGGCU A AADGAAC 
UGAACAU A GGCCUCU 
CAUAGGU C UCUGGCC 
UAGGUCU C UGGCCUC 
CUGGCCU C ACGGAGC 
CGGAGCU C CCAGUCC 
UCCCAGU C CADGUCA 
OCCADGU C ACAUUCA 
GUCACAU U CAAGGUC 
UCACAUU C AAGGUCA 
UCAAGGU C ACCAGGU 
ACCAGGU A CAGUUGU 
GUACAGU U GUACAGG 
CAGUUGU A CAGGUCG 
UACAGGU U GUACACU 
AGGUUGU A CACUGCA 
AAAAGAU C AAAUGGG 
UGGGACU U CUCAUUG 
GGGACUU C UCAUUGG 
GACUUCU C AUUGGCC 
UUCUCAU U GGCCAAC 
CCUGCCU U UCCCCAG 
CUGCCUU U CCCCAGA 
UGCCUUU C CCCAGAA 
GAGUGAU U UUUCUAU 
AGUGAUU U UUCUAUC 
GUGAUUU U UCUAUCG 
UGAUUUU U CUAUCGG 
GAUUUUU C UADCGGC 
UUUUUCU A UCGGCAC 
UUUCUAU C GGCACAA 
AAGCACU A UAUGGAC 
GCACUAU A UGGACUG 
GACUGGU A AUGGUUC 
UAAUGGU U CACAGGU 
AAUGGUU C ACAGGUU 
* CACAGGU U CAGAGAU 
ACAGGUU C AGAGAUU 
CAGAGAU U ACCCAGU 
AGAGAUU A CCCAGUG 
GAGGCCU U AUUCCUC 
AGGCCUU A UUCCUCC' 
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2451 




Z / jU 


2452 


CCUUAJJU c cocccnu 




2455 


UAUUCCU C CCUDCCC 


2761 


2459 


CCUCCCU U CCCCCCA 


2765 


2460 


CUCCCUU C CCCCCAA 




2479 


GACACCU U UGUUAGC 


?7Q7 


2480 


ACACCUU U GUUAGCC 


2fl01 


2483 


CCUUUGU U AGCCACC 




2484 


CUUUGUU A GCCACCU 


xou 


2492 






2504 




2021 


2508 


pmt&p^tt n nrryy^^ 


2822 




^mflVfTM TT miT^V^fV/^ 


2823 




u/v-rtuuu v» UvaWwvorU 


2829 


2520 




2837 


2521 




2840 


2533 


Of^PJXPTT P afY^yTTP 


2847 


2540 




2853 


2545 




ZooKJ 


2568 


AGGGAAJJ A nCPPPfcTA 


Zo IZ 


2579 




ZO / / 


2585 


tjadgcco u guocoptt 




2588 


GCCOOGU C CULUItt-il J 

www WWW ^«w^^W^/^J^J 




2591 




«5 OA/I 

Z27U4 


2593 




•JQflP 


2596 




zyuo 


2601 


GTJCCDGU TJ OGPftl fl n 1 




2602 


uccuguu u GCAnnnr 


OQ no 


2607 


UUOGCATJ TT TJPAf T \T¥Z 




2608 




z910 


2609 


usjwwv/u v.. ^vk^^AjVaVjtfV 


2911 


2620 




2912 


2626 




2913 


2628 




2914 


2635 




2915 


2640 


cuccagtt it nppnrtp& 


2916 


2641 




2917 


2642 




2918 


2653 




2919 


2659 




2931 


2689 




O A<9^ 

2933 


2691 


AAGGTJAU U GC5Af3C5JVP 




2700 


GAGGACU C CCUCCCA 


2951 


2704 


ACUCCCU C CCAGCOU 


2952 


2711 


CCCAGCU U DGGAAGG 


2955 


2712 


CCAGCUU U GGAAGGG 


2956 


2721 


GAAGGGU C ADCCGCG 


2961 


2724 


GGGUCAU C CGCGUGU 


2962 


2744 


UGUGUGU A UGUGTJAG 


2965 



UADGUGU A GACAAGC 
ACAAGCU C DCGCOCU 
AAGCUCU C GCUCtJGO 
UCUCGCU C TJGUCACC 
GCUCUGU C ACCCAGG 
GUGCAAU C AUGGUUC 
UCAUGGU U CACDGC\ 
CADGGUU C ACUGCAG 
CUGCAGU C CJOGACCU 
GCAGUCa U GACCUUU 
UUGACCU U UUGGGOJ 
TCACCDU U TCGGCUC 
GACCUDU U GGGCCJCA 
UUGGGCU C AAGOGAU 
AAGUGAU C CUCCCAC 
UGADCCU C CCACCUC 

ccxacca c AGCcrjcc 

UCAGCOJ C CUGAGOA 
CCUGAGU A GCTJGGGA 
GGACCATJ A GGCDCAC 
ATJAGGCTJ C ACAACAC 
GGCAAATJ TJ TJG AUUUU 
GCAAADU TJ GADDUUU 
AUUUGAU U UUUUUUU 
UUOGATJTJ TJ UUUUUUU 
UUGAUUU TJ UUUUUUU 
UGAUUUU U UUUUUUU 
GAUUUUU TJ UUUUUUU 

auuuuuu a U U UUU UU 
UUUUUUU U UUUUUUU 
UUUUUUU U UUUUUUU 
UUUUUUU u uuuuuuc 
uuotuuu u uuuuuca 

UUUUUUU U TJUUUCAG 
UUUUUUU U UUUCAGA 
UUUUUUU U UUCAGAG 
UUUUUUU U UCACAGA 
UUUUUUU TJ CAGAGAC 
UUUUUUU C AGAGACG 
ACGGGGU C UCGCAAC 
GGGGUCTJ C GCAACAU 
GCAACAU U GCCCAGA 
CCAGACU U CCUUUGU 
CAGACUU C CUUUGUG 
ACUUCCU U UGUGUUA 
CTJUCCUU U GUGUUAG 
UUUGUGU U AGUUAAU 
UUGUGUU A GUUAADA 
UGUUAGU u AATJAAAG 
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2966 


GUUAGUU A AUAAAGC 


2969 


AGOUAAU A AAGCGUU 


2975 


UAAAGCU U UCUCAAC 


2976 


AAAGCUU U COCAACU 


2977 


AAGCUUU C UCAACDG 


2979 


GCUUUCU C AACOGCC 
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Table 3 

Mouse ICAM HH Target Sequence 
nt. Position Target Sequence 
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nt. Position Target Sequence 



11 


CCCugGU C acCGuGG 


367 


23 


CaGuGgO u CUCOGCU 


374 


26 


uGgUuCU C UGCUcCU 


375 


31 


CUCOGCU c CUCcaca 


378 


34 


DuCDcaD a AGgGUcG 


386 


40 


gCAcAcU U GuAgCCU 


394 


48 


aggACCa C AGCCOgG 


420 


54 


UggGCOJ C GugADGG 


425 


58 


CaUgcCU u UaGCUCC 


427 


64 


cAcccCO C CCAGCAG 


450 


96 


CucugCU C COGGcCC 


451 


102 


UgCcaGU a COGCOgG 


456 


108 


cuCOSCU C cuGGCcC 


495 


115 


uGGuuCTJ C UGcOCCu 


510 


119 


GgaaUGU c aCCAGGA 


564 


120 


CUCUGcU C CugGccC 


592 


146 


CAGuCgU C cGcuUCC 


607 


152 


DCOGOOT C agCCaCu 


608 


158 


UCCuguU u AAAAacC 


609 


165 . 


CAgAAGU u gUuuUGC 


611 


168 


AAGcCuU C COGCCCC 


656 


185 


GGuGGgU C CGUGCaG 


657 


209 


gcCACuU C CTJcDGgC 


668 


227 


CagAAGU U GUDuuGC 


677 


230 


AAGUUGU U uuGCucc 


634 


237 


OGuGCuU u GAGAaCu 


692 


248 


AaCCCaU c UCCOAAA 


693 


253 


ccUGCCU A AggAaGA 


696 


263 


AgGGuuU c uCUaCDG 


709 


267 


AGggGCU C CUGCCUa 


720 


293 


AAGcDGU u UGAgCDG 


723 


319 


AGgAGAU A cugAgCC 


735 


335 


cDGDGCU u UgagAAC 


728 


337 


GUcCaAU U CAcACDG 


765 


338 


aGCOgDU u gAgCUGa 


769 


359 


GuGCAGU C guCcGCU 


770 


785 


GGcOJGU XJ uCCuGcC 


1353 


786 


GcCUGUU u CCuGcCO 


1366 


792 


UggagOT C DCGGAaG 


1367 


794 


CugGgOJ u GGAGaCu 


1363 


807 


CuCgGaU a uACCUGG 


1380 


833 


CAaAGcU c GAcaCCC 


1388 


846 


CCcugOT C ACCguUG 


1398 


851 


GagACOJ c UacCAgC 


1402 



AAugGCU 
gAAgCCU 
AAgCCOU 
CuacCaU 
ACCGOGXJ 
CcGGAOJ 
CACaCuU 
CaCCCCU 
CagCTJCU 
AGgACCa 
GAAaCcU 
UOACCCU 
CuAcCaU 
DGCOGCa 
CUcAGGU 
GAaAGAU 
AGCCAAU 
GCCAAD0 
CCAADUU 
AADDDCtJ 
aAGCCGU 
AGCDGDO 
cgagCCU 
GaCCuCTJ 
uuCAGCU 
CgGACuU 
AGgaCcU 
CCDgUuU 
gGCGgCU 
uACAACU 
AACDUuCT 
aCCaGarj 
uGGgCCU 
CaGUcGU 
GGcOJGU 
uOuOGcU 
AGOGggU 
OaaCAgU 
aGOVCcU 
GuACUgD 
UGCCCAU 
GGaGAcQ 
UGgCDGU 
UGUgcuU 



u cAACCcg 
U CCUgcCC 
C CUgcCCc 
C ACCGOGU 
A uUcGuuU 
u ucGAnCu 
C CCCcCcg 
C ccaGCAG 
c aGCAGug 
c ACCCUgC 
U uCCCJuuG 
c aGCcaCu 
C ACCGOGu 
C CGDGGGG 
a uCcAuCc 
C ACaugGG 
a DCTJCaCG 
U CUCaCGC 
C DCaOGCC 
C aOGCCGC 
U DGAGcug 
U GAGcugA 
a GGCCaCC 
A CCAGCcu 
C CgGuCCU 
U cGauCUu 
acCCOGC 
CDGCCuc 
CaCCuCA 
uDCAGCu 
AGCuCCg 
CUgGAGa 
GuGaDGG 
cGcUuCC 
uCCOGcc 
CCUGGAa 
gAaGgUG 
UaCaACU 
CCCACcu 
CCACUcu 
GGGGugg 
AGUGgCU 
C ACagaAc 
u GAGAaCU 



c 
C 
C 

u 

C 

c 

c 

c 
u 

C 
c 
c 
c 
a 
C 
C 
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863 


AgCcACU u CcUCDgG 


1408 


866 


GAagCCU O CcuGcCC 


1410 


867 


AuUCgUU u cCGGagA 


1421 


869 


UCuUcCU C augCAAG 


1425 


881 


AuGGCuU C AacCcGU 


1429 


885 


CCOugGU a gagGUGA 


1444 


933 


cOauAaU c AUuCDGG 


1455 


936 


uAaUcAU u COGGuGc 


1482 


978 


UaACaga C UACAaCU 


1484 


980 


ACagUCU A CAaCUUU 


1493 


986 


UACAaCU U UuCaGCu 


1500 


987 


ACAaCUU U uCaGCuC 


1503 


988 


CAaCOUU u CaGCuCC 


1506 


1005 


ACcaGAU c COGgaGA 


1509 


1006 


uGaGAgU C UGggGAA 


1518 


1023 


ugGAGGU C UCgGAAG 


1530 


1025 


GAGGUCU C gGAAGGG 


1533 


1066 


CCACuCU c aAaauAA 


1551 


1092 


AcuGGaU c uCAGgCC 


1559 


1093 


UGGaccU u CAGCCaA 


1563 


1125 


CCCAaCU C uUcuUGA 


1565 


1163 


CGaAGCU.U CUuuUGC 


1567 


1164 


GaAGCUU C UuuUGCU 


1584 


1166 


AGCUUCU u uUGCUCU 


1592 


1172 


UCCUGuU u aaaAACC 


1599 


1200 


cuCuGCU c cUcCACA 


1651 


1201 


gCuGCUU u UgaACAg 


1661 


1203 


AcuUUuU u CACcAGu 


1663 


1227 


GGuAcaU a CGUGUgC 


1678 


1228 


GaAGCUU C uUuUgCU 


1680 


1233 


UUCGUaU C CgGagaG 


1681 


1238 


GUgCUGU A UGGuCCu 


1684 


1264 


GAaGGgU c GUgCaaG 


1690 


1267 


uGAgaGU C uGGGgAA 


1691 


1294 


AGgAgAU a CugAGCc 


1696 


1295 


GAggggU C uCAGCAG 


1698 


1306 


GCAGACU C ugAaaUG 


1737 


1321 


gaAGGCU c aGGaGgA 


•1750 


1334 


AACCCAU c uCCuaAa 


1756 


1344 


auGAGCU C gAGaGUg 


1787 


1351 


ugAaUGU a UAAguuA 


1790 


1793 


UgGtfCCU C gGcugGA 


2173 


1797 


CacCAGU C AcAUAaA 


2174 


1802 


acCAGAU c CuggAGa 


2175 


1812 


ACuGgAU c UcaGGCC 


2176 


1813 


CAGCAUU U acccuCA 


2183 


1825 


CCAcGcU A CCUcugC 


2185 


1837 


CAugCCU u uAgCuCc 


2186 


1845 


cgAgcCU A GGCCACc 


2187 



gCGAGAU C ggGgaGG 
GAGgUCU c GgaaGgg 
ccCACCU A CuUuUGU 
aCUgCCU u gGUaGaG 
uCUCUaU u GccCCuG 
GAaggCU C AgGaGGA 
GGaAuGU C ACCaGga 
AguUGuU u UgCuCCC 
cUGuUCU u CCuCauG 
CuguGcU u UGAGAac 
ADGAaAU c aUggUCc 
gGAcUaU a AUCADac 
UUaUguU u ADaACcG 
cuAcCAU C ACcGUGu 
ucaUGGU c cCAGgCG 
CuauAaU C AUucUGG 
ugGUCAU u gUGGGCc 
CAuGCCU u AGCAgcU 
AGCACcU c CCcaccU 
CuUAugU u UAUAACC 
UAngUuU A UAACCGC 
ugUuUAU A ACCGCCA 
GaAAGAU C AgGAuAU 
AgGAuAU A CAaguUA 
ACAaguU A CAgaAGG 
CcCaCCU C CCUGAgC 
gaAACCU u UCCuuuG 
AACCUiiU C CuuuGAa 
AGGaCCU C agCCUgG 
aGCCaCU U CCUCuGg 
GCCaCUU C CUCuGgC 
aCUUCCU C uGgCUgu 
cCGGaCU U uCgAUcU 
CGGaCUU u CgAUcUU 
UgCCCAU c ggGGUGG 
CggADAU a ccUGGag 
gAGACcU c UaCCAgc 
gGCgGCU c CACCUca 
gAagCCU u CCuGCCC 
gaGaCAU U GUCCcCA 
GCADUGU u CUCuaau 
UUagagU U UUACCAG 
UagagUU U UACCAGC 
agagUUU U ACCAGCU 
gagUUUU A CCAGCUA 
ACCAGCU A UUUAUUG 
CAGCOAU U UAUUGAG 
AGCUAUU U AUUGAGU 
GCUAUUU A UUGAGUa 
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1 

-OjO 


CggaCuU u cGAUCUu 


2189 




ACaUviAU a uccAGUa 


2196 




GACVIIajU a GcCuCAg 


2198 


io u o 


LaccAvjU c ACAUaAa 


2199 


1 fl77 


CAUGcCU u AGCagcu 


2200 




UAftaALU L. AAGggAC 


2201 




AUAuagu a CaAucagu 


2205 


1922 


T If"* -J RTV"'T T n mm * ^Vf^T % , — 


2210 


1523 


UVjAUVjCU C ACJvaUaUC 


2220 


1928 




Z224 


1930 




nor 
2226 


1964 




22JJ 


1983 


AGGA11AU A P_AArrf7i73 


9*>/n 
^Z%2 


1996 


aGGArrAn A PnnA^r^** 


2248 


2005 




2254 


2013 


vauuauuu A UUuaVjU/i 


2259 


2015 




2260 


2090 


ggULrtjUU C UUCUGAG 


2266 


903Q 


goiGgCU a gCAGAgG 


2274 


9040 


C CUGgAGg 


2279 


90^7 


UGcuCCU C CAcAncC 


2282 


2U0l 


CuaCCAU c acCgUGU 


2288 




W4CUUGU A GCcCCAg . 


2291 


2076 


vaUAGCcu c AgAgCua 


2321 


90<J7 


caACucu u CuOGAuG 


2338 




CACACUU C CcccCcG 


2339 


91 1 5 


GCCAGCU c GGaggaU 


2341 




Labujau u UAuUGAg 


2344 


2130 


CUUbUUU C UlXiCvJUC 


2358 




V^iAvJUvJU U CUUGAUg 


2359 


2152 


uauuaAU u uagAgruu 


2360 


2156 


UugALKjU A UUUAUUa 


2376 


2158 




2377 


2159 


nuvj\j>\,uu u AUuaAuU 


2378 


2160 


TTJ r *TTfiTTrTrT TV f rr T-» * r tt tt 

uvjuauuu a -UUaAUDU 


2379 


2169 


TT7VI II 11 T A TT TT mm W flw» 1 — 

uauuuau u aADDuag 


2380 




AuguAUu u ADuaaUTJ 


2382 


21 66 


acuucAu u cucuADU 


2384 


91 67 


ATJgruAXJU U atJUAaUU 


2399 


9170 


uAUUUau u AauuuAg 


2401 


2171 


Aguuvjuu u ugcucCC 


2411 


2417 




2691 


2418 


AcDGGaO C uCAGGcc 


2700 


2425 


CAugGGU c gAGgGuU 


2704 


2426 


AuuaaUU u AGAGuTJU 


2711 


2433 


uAGAGuU U uaCCAJGc . 


2712 


2434 


AGAGuDU u aCCAGcu 


2721 


2448 


GAaGCCU U ccDgCcC 


2724 


2449 


AaGCCUU c cUgCcCC 


2744 
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UAUDUATJ a GAGUacC 
caAcUcO u cUOgAOG 
gcaGcCU c UOADGUu 
GccOCUU a DgDuOAu 
UcCfuccU c ADGcAaG 
aagUUUU A DGUcGGC 
roUADGU c GGCcugA 
GgAGaCU c AgUGgcu 
cuggCAU u GuDCUCU 
CucAGGU a TJCcauCC 
UgGatXTJ C aGGCCgC 
CUGaCCU C cuGGAGg 
uGGAGCa a gCgGaCC 
UauCcaU C CAUccCV 
UeCAauU C ACAcOgA 
aDCATAU U CAcGGUg 
UCACADU C AcGGUgc 
ggAAuGU C ACCAGGa 
ACCAGaQ c CuGgaGa 
GaAggGU c GOgCAaG 
aAGcDGU u ugaGcUG 
HAuAaOJ tj aUggcCCT 
caGOgGCJ u CuCDGCu 
SAAAGAJJ c AcADGGG 
TOaGACU c CDgccOS 
GaaACcQ u CCcOUuG . 
GACcOCU a ccaGcCu 
UOucgAtr c uuCCAgC 
CCcagCU c DCagCAG 
CDGCuOU U gaaCAGA 
aaCCUUU C CuuuGAA 
agGUGgU U cDDCUga 
gGUGgUU c UDCUgag 
agGgUUU c TJCUAcuG 
DGcDUOrj c ucADaaG 
aAgDDDU a UgOCGGC 
aDUcUCa A UuGcCcC 
aUcCagU a GaCACAA 
AAaCAOJ A DgUGGAC 
aagCOgU u DGagCOG 
uACTJGGU c AgGaTJgC 
AAuGUcU c cGAGGcC 
GAaGcCU u CCL^CCc 
gacCuCU a CCAGCcU 
CCCAGCU c UcagcaG 
gagGucU c GGAAGGG 
GAAGGGD C gUgCaaG 
GGuaCAU a CGuGOGc 
9G0GgGU c cGUGcAG 
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2451 


GCCUguU U CCOgCCtJ 


2452 


CCUguuu C CUgCCUc 


2455 


gAagccu u CCUgCCC 


2459 


ccacacu u ccccccc 


2460 


CaCaCuu C CCCCCcg 


24 /y 


GAgACCU c UaccAGC 


24oU 


ULALLgU U oUgAUCC 






24o4 


CUUUuUU c aCCAguc 




agvJACCu c cccaccu 


2 3U4 


CCv-ACCU A Cuuuugu 




uAUcCAU c caOcCCA 


2ouy 


uuAgAgu u uuaCCAG 


2oXU 


UAgAgOU u UaCCAGc 


232U 


CuuuDGO U CcCAADG 


202J. 


CAGcaUU u ACccOcA 




VAaAUyLU C AijyUaUC 




CJujUauu L. cgcuguG 




VjUy CLKjU a UCiGUCCu 


a Jug 


guivjcLnjgu C UOWJailA 


«j / j 


s « <« R T\ A"s iTT 7V TT/^*w^^»rrr^ 

auAALAlU A OGgccDG 




*^*^^^^^TT TT ^^TTW«^^^n^TT 

cugutjau u guucucu 




GCaUUGU u CUCUaatJ 


20i7l 


UgGUuCU C OgcDCOJ 


202J 


cDuCDUD U GcuCTOc 




CUuUUGU u CccaaUG 


2601 


acCgOGO a UuCgUOU 


2602 


UCCaGcU a cCADccC 


2607 


cUcGgAU a UacCDGG 


2608 


caGCAgU c CgCOGuG 


2609 


gGaAUgU C ACcaGGA 


2o2U 


aGGAcCU c aCcCOgc 


""1 ^ ^ 

2626 


UUuCgaU c UUcCAGC 


2628 


GCACacU U GuAGCcu 


2o JO 


UuCAGCCJ C CgGUccu 


2o4U 


ggCCuGU XJ UCCDGCc 


£ OfiX 


CCCAGCU c UCaGCAG 




CCuGUUU C COGCcuc 


20JJ 


uAcOGgU C AGGaUgC 


2ooy 


gaAGGOT C*gDGCAAG 


■5CQQ 


CuAAuGU c UccGAGG 


2j4X 


GagACAu U GuCCccA 


2951 . 


CCAcgCa a CCUcUGc 


2952 


CAGcagU C CgcDGOG 


2955 


AgUgaCU c TJGOGOcA 


2956 


uUUCCUU U GaaOcAa 


2961 


UcUGUGU c AGccAcU 


2962 


aUGUaUU u aUUAAUu 


2965 


OuUgAaD c AAUAAAG 



2750 UAUuUaU u GAguAcC 

2759 cCggaCU u UCGaDCU 

2761 AgGacCU C aCcCDGc 

2765 DuUuGCU C DGcCgCu 

2769 agUOJGU C AaaCAGG 

2797 aUGaAAU C AUGGUcC 

2803 TJCADGGU c CcagGCg 

2804 ggDGGcU C cgUGCAG 
2813 CUcCgGU C cUGACCc 
2815 aCAGUOJ a cAaCUDU 

2821 cUGACCU c cOGGagg 

2822 gGAgCcU c cGGaCUu 

2823 ugCCUOT a GcuCcCA 
2829 cUGGaCa a uAaUcAU 
2837 AgGOGgU u CUuOaga 
2840 tXSAgaOJ C CugCCUg 
2847 CCaAuga C AGCCaCC 
2853 gCAGCCU C uUauGOu 
2860 gCcaAGU A aCUGuGA 
2872 GGACCuU c aGCcaAg 
2877 uUccGOJ a cCAuCAC 

2899 cGgAcuD* U cGAUcDTJ 

2900 uuAAnUU a GAgOUUU 

2904 AcUUcAU U cacUaDU 

2905 cDUcADU c UcOatjUg 

2906 UUGAUgU a UUUaUUa 

2907 DGuaUUU a DLTaaUUU 

2908 GAagcUU c UUDUgcD 

2909 AgcUUcU U UUgcUcU 

2910 UgUaOUU a UUaaDUU 

2911 UgOaDCU a UUaaUUU 

2912 DDgDUcU c UaaUgUC 

2913 DUUcUcU a cDggOCA 

2914 UgcUUUU c UcaUaAG 

2915 aUUUaUU a aUUuAGA 

2916 UaOUcgU U UcCgGAG 

2917 aUUcgOU U cCgGAGA 

2918 UUcgUUU c CgGAGAg 

2919 UUcUcaU a AGgGuCG 
2931 ugGaGGU C UCGgAAg 
2933 GaGGUCU C GgAAggg 
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2966 


GcUgGcU A gcAgAGg 


2969 


AaUcAAU A AAGuUOU 


2975 


UAgAGuU U UacCAgC 


2976 


gAgGgUU U COCuACU 


2977 


AAGCUgU u UgAgCUG 


2979 


uCaUUCU C uAuUGCC 
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Table 4 

Human ICAM HH Ribozyme Sequences 

nt. Position Ribozyme Sequence 



11 CAGCGOC O3GA0GAGGCCGAAAGGCCGAA ACUGGGG 

23 AGCAGAG CUGADGAGGCCGAAAGGCCGAA AGCUCAG 

26 AGOAGCA CCGADGAGGCCGAAAGGCCGAA AGGAGCU 

31 CCCOGAG OXSADGAGGCCGAAAGGCCGAA AGCAGAG 

34 CAACDCa CXPGADGAGGCCGAAAGGCCGAA AGUAGCA 

40 AGGOOGC CUGADGAGGCCGAAAGGCCGAA ACOCCGA 

48 CGAGGCU COGAUGAGGCCGAAAGGCCGAA AGGOOGC 

54 CCADAGC CUGADGAGGCCGAAAGGCCGAA AGGCCGA 

58 GGAGCCA COGADGAGGCCGAAAGGCCGAA AGCGAGG 

64 COGCUGG COGADGAGGCCGAAAGGCCGAA AGCCAUA 

96 GGACCAG CCGADGAGGCCGAAAGGCCGAA AGUGCGG 

102 CGAGCAG COGADGAGGCCGAAAGGCCGAA ACCAGGA 

108 GAGCCCC CCGADGAGGCCGAAAGGCCGAA AGCAGGA 

115 GGGAACA COGADGAGGCCGAAAGGCCGAA AGCCCCG 

119 OCCOGGG CCGADGAGGCCGAAAGGCCGAA ACAGAGC 

120 GOCCDGG CCGADGAGGCCGAAAGGCCGAA AACAGAG 
146 GGACACA COGADGAGGCCGAAAGGCCGAA ADGOCOG 
152 UGAGGGG COGADGAGGCCGAAAGGCCGAA ACACAGA 
158 GACOOOO CCGADGAGGCCGAAAGGCCGAA AGGGGGA 
165 GCAGGAD CCGADGAGGCCGAAAGGCCGAA ACOOUOG 
168 GGGGCAG CCGADGAGGCCGAAAGGCCGAA ADGACOD 
185 CAGCACG COGADGAGGCCGAAAGGCCGAA AGCCDCC 
209 GDCACAG COGADGAGGCCGAAAGGCCGAA AGGOGCO 
227 GCCCAAC COGADGAGGCCGAAAGGCCGAA ACOOGGG 
230 DADGCCC COGADGAGGCCGAAAGGCCGAA ACAACDO 
237 GGGOCDC COGADGAGGCCGAAAGGCCGAA ADGCCCA 
248 OUOAGGC COGADGAGGCCGAAAGGCCGAA ACGGGGO 
2S3 OCCOOOU COGADGAGGCCGAAAGGCCGAA AGGCAAC 
263 CAGGAGC COGADGAGGCCGAAAGGCCGAA ACOCCDD 
267 CAGGCAG CCGADGAGGCCGAAAGGCCGAA AGCAACO 
293 CAGUO CA COGADGAGGCCGAAAGGCCGAA ACACCUU 
319 GGDOGGC COGADGAGGCCGAAAGGCCGAA ADOJOCO 
335 GOOOGAA COGADGAGGCCGAAAGGCCGAA AGCACAD 

337 CAGODOG COGADGAGGCCGAAAGGCCGAA ADAGCAC 

338 GCAGOOO COGADGAGGCCGAAAGGCCGAA AAOAGCA 
359 AGCOGOU COGADGAGGCCGAAAGGCCGAA ACOGCCC 
367 AAGGOOO COGADGAGGCCGAAAGGCCGAA AGCOGOU 

374 GGOGAGG COGADGAGGCCGAAAGGCCGAA AGGOODD 

375 CGGOGAG COGADGAGGCCGAAAGGCCGAA AAGGOOU 
378 ACACGGU COGADGAGGCCGAAAGGCCGAA AGGAAGG 
386 AGOCCAG COGADGAGGCCGAAAGGCCGAA ACACGGU 
394 CGOOCOG COGADGAGGCCGAAAGGCCGAA AGOCCAG 
420 AAGAGGG COGADGAGGCCGAAAGGCCGAA AGGGGDG 
425 COGCCAA COGADGAGGCCGAAAGGCCGAA AGGGGAG 
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427 GGCOGCC CDGADGAGGCCGAAAGGCCGAA AGAGGGG 

450 GDAGGGU OJGADGAGGCCGAAAGGCCGAA AGGDDCD 

451 CGGAGGG CDGADGAGGCCGAAAGGCCGAA AAGGDUC 
456 GGCAGCG CDGADGAGGCCGAAAGGCCGAA AGGGUAA 
495 CCACGGU CDGADGAGGCCGAAAGGCCGAA AGGODGG 
510 CCCCACG CDGADGAGGCCGAAAGGCCGAA AGCAGCA 
564 DGGDCGU CDGADGAGGCCGAAAGGCCGAA ACCDCAG 
592 CCADGGU CDGADGAGGCCGAAAGGCCGAA ADCDCOC 

607 CACGAGA CDGADGAGGCCGAAAGGCCGAA ADDGGCD 

608 GCACGAG CDGADGAGGCCGAAAGGCCGAA AADDGGC 

609 GGCACGA CDGADGAGGCCGAAAGGCCGAA AAADDGG 
611 GCGGCAC CDGADGAGGCCGAAAGGCCGAA AGAAADD 

656 GDDCDCA CDGADGAGGCCGAAAGGCCGAA ACAGCDC 

657 DGDDCDC CDGADGAGGCCGAAAGGCCGAA AACAGCD 
668 GGGGGCC CDGADGAGGCCGAAAGGCCGAA AGGDGOU 
677 GAGCOGG CDGADGAGGCCGAAAGGCCGAA AGGGGGC 
634 AGGDCDG CDGADGAGGCCGAAAGGCCGAA AGCDGGU 

692 CAGGACA CDGADGAGGCCGAAAGGCCGAA AGGDCDG 

693 GCAGGAC CDGADGAGGCCGAAAGGCCGAA AAGGDCD 
696 CDGGCAG CDGADGAGGCCGAAAGGCCGAA ACAAAGG 
709 UGDGGGG CDGADGAGGCCGAAAGGCCGAA AGDCGCD 
720 GGCDGAC CDGADGAGGCCGAAAGGCCGAA AGDDGDG 
723 GGGGGCU CDGADGAGGCCGAAAGGCCGAA ACAAGDD 
735 CCDCDAG CDGADGAGGCCGAAAGGCCGAA ACCCGGG 
738 CCACCDC CDGADGAGGCCGAAAGGCCGAA AGGACCC 
765 GGGAACA CDGADGAGGCCGAAAGGCCGAA ACCACGG 

769 DCCAGGG CDGADGAGGCCGAAAGGCCGAA ACAGACC 

770 GDCCAGG CDGADGAGGCCGAAAGGCCGAA AACAGAC 

785 GACDGGG CDGADGAGGCCGAAAGGCCGAA ACAGCCC 

786 AGACDGG CDGADGAGGCCGAAAGGCCGAA AACAGCC 
792 CCDCCGA CDGADGAGGCCGAAAGGCCGAA ACDGGGA 
794 GGCCDCC CDGADGAGGCCGAAAGGCCGAA AGACDGG 
807 CCAGGDG CDGADGAGGCCGAAAGGCCGAA ACCDGGG 
833 GGGGDDC OJGADGAGGCCGAAAGGCCGAA ACCDCDG 
846 CADAGGU CDGADGAGGCCGAAAGGCCGAA ACDGDGG 
851 GDDGCCA CDGADGAGGCCGAAAGGCCGAA AGGDGAC 
863 CGAGAAG CDGADGAGGCCGAAAGGCCGAA AGDCGDD 

866 GGCCGAG CDGADGAGGCCGAAAGGCCGAA AGGAGDC 

867 DGGCCGA CDGADGAGGCCGAAAGGCCGAA AAGGAGD 
869 CDDGGCC CDGADGAGGCCGAAAGGCCGAA AGAAGGA 
881 ACOGACD CDGADGAGGCCGAAAGGCCGAA AGGCCOD 
885 DCACACD CDGADGAGGCCGAAAGGCCGAA ACOGAGG 
933 CCAGDAD CDGADGAGGCCGAAAGGCCGAA ACDGCAC 
936 DCCCCAG CDGADGAGGCCGAAAGGCCGAA ADDACDG 
978 AGCDGUA CDGADGAGGCCGAAAGGCCGAA ADGGOCA 
980 AAAGCOG CDGADGAGGCCGAAAGGCCGAA AGADGGD 

986 CGCCGGA CDGADGAGGCCGAAAGGCCGAA AGCDGDA 

987 GCGCCGG CDGADGAGGCCGAAAGGCCGAA AAGCOGU 

988 GGCGCCG CDGADGAGGCCGAAAGGCCGAA AAAGCDG 
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1005 OCGOCAG COGADGAGGCCGAAAGGCCGAA ADCACGU 

100^ OOCGOCA OJGAOGAGGCCGAAAGGCCGAA AADCACG 

1023 COOCDGA COGADGAGGCCGAAAGGCCGAA ACCOCDG 

1025 CCCDDCU COGADGAGGCCGAAAGGCCGAA AGACCOC 

1066 OOSGCOC COGADGAGGCCGAAAGGCCGAA AGGGCGG 

1092 GGGCOGG COGADGAGGCCGAAAGGCCGAA ACCCCAD 

1093 DGGGCOG COGADGAGGCCGAAAGGCCGAA AACCCCA 
1125 UCAGCAG COGADGAGGCCGAAAGGCCGAA AGCOGGG 

1163 GCAGGAG COGADGAGGCCGAAAGGCCGAA AGCOGCG 

1164 AGCAGGA COGADGAGGCCGAAAGGCCGAA AAGCOGC 
H66 AGAGCAG COGADGAGGCCGAAAGGCCGAA AGAAGCO 
II 72 GGOOGCA COGAIXSAGGCCGAAAGGCCGAA AGCAGGA 

1200 OGOGOAU COGADGAGGCCGAAAGGCCGAA AGCDGGC 

1201 UUGUGUA COGADGAGGCCGAAAGGCCGAA AAGCDGG 
1203 OCOOGOG COGADGAGGCCGAAAGGCCGAA ADAAGCU 

1227 GGACACG COGADGAGGCCGAAAGGCCGAA AGCOCCC 

1228 AGGACAC COGADGAGGCCGAAAGGCCGAA AAGCDCC 
1233 CADACAG COGADGAGGCCGAAAGGCCGAA ACACGAA 
1238 GGGGCCA COGADGAGGCCGAAAGGCCGAA ACAGGAC 
1264 CCCGGAC COGADGAGGCCGAAAGGCCGAA ADCCCOC 
1267 UDUCCCG COGADGAGGCCGAAAGGCCGAA ACAADCC 

1294 OGCOGGG COGADGAGGCCGAAAGGCCGAA ADDOUCU 

1295 CDGCOGG COGADGAGGCCGAAAGGCCGAA AADODOC 
1306 CACADOG COGADGAGGCCGAAAGGCCGAA AG O CUGC 
1321 ODCCCCC COGADGAGGCCGAAAGGCCGAA AGCCOGG 
1334 CDCGGGC COGADGAGGCCGAAAGGCCGAA AEGGGDU 
I 344 GACACOU COGADGAGGCCGAAAGGCCGAA AGCOCGG 
1351 DCCOOOA COGADGAGGCCGAAAGGCCGAA ACACODG 
1353 CAUCCOO CEX2ADGAGGCCGAAAGGCCGAA AGACACO 

1366 AGOGGGA COGADGAGGCCGAAAGGCCGAA AGOGCCA 

1367 CAGOGGG COGADGAGGCCGAAAGGCCGAA AAGDGCC 

1368 GCAGOGG COGADGAGGCCGAAAGGCCGAA AAAGOGC 
1380 ADOCCCC COGADGAGGCCGAAAGGCCGAA ADGGGCA 
1388 AGUCACO COGADGAGGCCGAAAGGCCGAA ADOCCCC 
1398 COCGAGO COGADGAGGCCGAAAGGCCGAA ACAGOCA 
1402 AGADCOC COGADGAGGCCGAAAGGCCGAA AGDGACA 
1408 CCCDCAA COGADGAGGCCGAAAGGCCGAA ADCOCGA 
1 4 10 OGCCCOC COGADGAGGCCGAAAGGCCGAA AGADCOC 
1421 ACAGAGG C0GAU3AGGCCGAAAGGCCGAA AGGOGCC 
1425 CCCGACA COGADGAGGCCGAAAGGCCGAA AGGOAGG 
1429 COGGCCC COGADGAGGCCGAAAGGCCGAA ACAGAGG 
1444 DCCCCOO COGADGAGGCCGAAAGGCCGAA AGOGCDC 
1455 CGCGGGO COGADGAGGCCGAAAGGCCGAA ACCOCCC 

' 1 4 82 GGGGGGA COGADGAGGCCGAAAGGCCGAA AGCACAU 

1484 CCGGGGG COGADGAGGCCGAAAGGCCGAA AGAGCAC 

1493 AADCOCA COGADGAGGCCGAAAGGCCGAA ACCGGGG 

1500 OGADGAC COGADGAGGCCGAAAGGCCGAA ADCOCAU 

1503 OGAOGAU COGADGAGGCCGAAAGGCCGAA ACAADOJ 

1506 CAGUGAU COGADGAGGCCGAAAGGCCGAA ADGACAA 
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1509 CCACAGU CDGADGAGGCCGAAAGGCCGAA ADGADGA 

1518 CGGCUGC CDGATOAGGCCGAAAGGCCGAA ACCACAG 

1530 CCADUAU CDGADGAGGCCGAAAGGCCGAA ACOGCGG 

1533 UGCCCAU CDGADGAGGCCGAAAGGCCGAA ADGACDG 

1551 ACGDGCU CDGADGAGGCCGAAAGGCCGAA AGGCCUG 

1559 AUAGAGG CDGADGAGGCCGAAAGGCCGAA ACGDGCU 

1563 GGUOAUA CDGADGAGGCCGAAAGGCCGAA AGGUACG 

1565 GCGGDDA CDGADGAGGCCGAAAGGCCGAA AGAGGDA 

1567 DGGCGGU CUGADGAGGCCGAAAGGCCGAA ADAGAGG 

1584 ADDDCOD CDGADGAGGCCGAAAGGCCGAA ADCDDCC 

1592 UAGDCOG CDGADGAGGCCGAAAGGCCGAA ADDDCDU 

1599 CCOGODG CDGADGAGGCCGAAAGGCCGAA AGDCDGU 

1^51 GDDCAGG CDGADGAGGCCGAAAGGCCGAA AGGCGDG 

1661 CCTGGGA COGADGAGGCOGAAAGGOCGAA AGGDDCA 

1663 GDCCCGG CDGADGAGGCCGAAAGGCCGAA ADAGGDU 

1&78 CGAGGAA CDGADGAGGCCGAAAGGCCGAA AGGCCCD 

1 680 GCCGAGG CDGADGAGGCCGAAAGGCCGAA AGAGGCC 

1681 GGCCGAG CDGAD2AGGCCGAAAGGCCGAA AAGAGGC 
1684 GAAGGCC OT3ADGAGGCCGAAAGGCCGAA AGGAAGA 

1690 AUADGGG CDGADGAGGCCGAAAGGCCGAA AGGCCGA 

1691 AADADGG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
1696 CCACCAA CDGADGAGGCCGAAAGGCCGAA ADQGGAA 
1698 DGCCACC CDGADGAGGCCGAAAGGCCGAA AUADGGG 
1737 CADGGCA CDGADGAGGCCGAAAGGCCGAA ADGDCDU 
175 0 GDAGGOG CDGADGAGGCCGAAAGGCCGAA AGCDGCA 
1756 GGGCCGG CDGADGAGGCCGAAAGGCCGAA AGGDGDA 
1787 DGAGGAC CDGADGAGGCCGAAAGGCCGAA ADGCCCD 
1790 GACDGAG CDGADGAGGCCGAAAGGCCGAA ACAADGC 
1793 UCDGACU CDGADGAGGCCGAAAGGCCGAA AGGACAA 
1797 DGUADOT CDGADGAGGCCGAAAGGCCGAA ACDGAGG 
1802 GCDGUDG CDGADGAGGCCGAAAGGCCGAA ADCDGAC 
1312 GGCCCCA CDGADGAGGCCGAAAGGCCGAA ADGCDGD 
1813 DGGCCCC CDGADGAGGCCGAAAGGCCGAA AADGCDG 
1825 gTOCAGG CDGADGAGGCCGAAAGGCCGAA ACCADGG 
1837 AGDGDDU CDGADGAGGCCGAAAGGCCGAA AGGDGDG 
1845 CGDGGCC OX^DGAGGCCGAAAGGCCGAA AGDGDDU 
1856 CAGAUCA CDGADGAGGCCGAAAGGCCGAA ADGCGDG 
1861 GACDACA CDGADGAGGCCGAAAGGCCGAA ADCAGAU 
1865 ADGDGAC aJGATOAGGCCGAAAGGCCGAA ACAGADC 
1868 GDCADGD CDGADGAGGCCGAAAGGCCGAA ACUACAG 
1877 CDDGGCO CDGADGAGGCCGAAAGGCCGAA AGDCADG 
1901 ADGDCDU CDGADGAGGCCGAAAGGCCGAA AGDCDDG 
1512 ADCCADC CDGADGAGGCCGAAAGGCCGAA ADCADGU 

1922 AGACUDU CDGADGAGGCCGAAAGGCCGAA ACADCCA 

1923 DAGACOU C0GAD3AGGCCGAAAGGOOGAA AACADCC 
1928 CAGGCDA CDGADGAGGCCGAAAGGCCGAA ACDDDAA 
1930 ADCAGGC CDGADGAGGCCGAAAGGCCGAA AGACDDD 
1964 GDGGGGC CDGADGAGGCCGAAAGGCCGAA ADGOCDC 
1983 CCAGDUG CUGADGAGGCCGAAAGGCCGAA ADGDCCU 
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1996 GUUUCAG C^X^ADGAGGCCGAAAGGCCGAA AUDUCCC 

2005 AGGCAGC CUGADGAGGCCGAAAGGCCGAA AGUUUCA 

2013 UACCCAA CUGADGAGGCCGAAAGGCCGAA AGGCAGC 

2015 CADACCC CUGADGAGGCCGAAAGGCCGAA ADAGGCA 

2020 CDCAGCA CDGAIXSAGGCCGAAAGGCCGAA ACCCAAU 

2039 CDOCDGO CTJGADGAGGCCGAAAGGCCGAA AGUCOGU 

2040 UCUOCOG CUGADGAGGCCGAAAGGCCGAA AAGOCCG 
2057 GUCUADG CUGADGAGGCCGAAAGGCCGAA AGGGCCA 
2061 ACADGUC CUGADGAGGCCGAAAGGCCGAA AOGGAGG 
2071 ODGADGC CUGADGAGGCCGAAAGGCCGAA ACACADG 
2076 GCGUUUU CUGADGAGGCCGAAAGGCCGAA ADGCUAC 

2097 CGUCAGG CUGADGAGGCCGAAAGGCCGAA AGDGDGG 

2098 CCGUCAG CUGADGAGGCCGAAAGGCCGAA AAGDGCG 
2115 AGUGCCC CUGADGAGGCCGAAAGGCCGAA AGCUGGC 
2128 GOCAGUA CUGADGAGGCCGAAAGGCCGAA ACAGCAG 
2130 GGGDCAG CUGADGAGGCCGAAAGGCCGAA AGACAGC 
2145 UADCADC CUGATOAGGCCGAAAGGCCGAA AGGGUUG 
2152 AAADACA CUGADGAGGCCGAAAGGCCGAA ADCADCA 
2156 GAADAAA CUGADGAGGCCGAAAGGCCGAA ACADAUC 

2158 ADGAADA CUGADGAGGCCGAAAGGCCGAA ADACADA 

2159 AADGAAD CUGADGAGGCCGAAAGGCCGAA AADACAU 

2160 AAADGAA CDGAIJ3AGGCCGAAAGGCGGAA AAADACA 

2162 ACAAADG CUGADGAGGCCGAAAGGCCGAA ADAAADA 

2163 AACAAAD CUGADGAGGCCGAAAGGCCGAA AADAAAD 

2166 AADAACA CUGADGAGGCCGAAAGGCCGAA ADGAADA 

2167 AAADAAC CUGADGAGGCCGAAAGGCCGAA AADGAAU 

2170 GDAAAAU CUGADGAGGCCGAAAGGCCGAA ACAAADG 

2171 GGUAAAA CUGADGAGGCCGAAAGGCCGAA AACAAAU 

2173 CDGGQAA CUGADGAGGCCGAAAGGCCGAA ADAACAA 

2174 GCUGGUA CUGADGAGGCCGAAAGGCCGAA AADAACA 

2175 AGCDGGU CUGADGAGGCCGAAAGGCCGAA AAADAAC 

2176 UAGCOGG CUGADGAGGCCGAAAGGCCGAA AAAADAA 
2183 CAADAAA CUGADGAGGCCGAAAGGCCGAA AGCDGGU 

2185 CDCAAUA CUGADGAGGCCGAAAGGCCGAA AUAGCDG 

2186 ACUCAAU CUGADGAGGCCGAAAGGCCGAA AADAGCU 

2187 CACUCAA CUGADGAGGCCGAAAGGCCGAA AAADAGC 
2189 GACACUC CDGACGAGGCCGAAAGGCCGAA ADAAADA 
2196 CADAAAA CUGADGAGGCCGAAAGGCCGAA ACACDCA 

2198 DACAUAA CUGADGAGGCCGAAAGGCCGAA AGACACU 

2199 CUACADA CUGADGAGGCCGAAAGGCCGAA AAGACAC 

2200 CCUACAD CUGADGAGGCCGAAAGGCCGAA AAAGACA 

2201 GCCUACA CUGADGAGGCCGAAAGGCCGAA AAAAGAC 
2205 UUDAGCC CUGADGAGGCCGAAAGGCCGAA ACADAAA 
2210 GUUCADU CUGADGAGGCCGAAAGGCCGAA AGCCUAC 
2220 AGAGACC CUGADGAGGCCGAAAGGCCGAA ADGDUCA 
2224 GGCCAGA CUGADGAGGCCGAAAGGCCGAA ACCUADG 
2226 GAGGCCA CUGADGAGGCCGAAAGGCCGAA AGACCUA 
2233 GCOCCGU CUGAXX3AGGCCGAAAGGCCGAA AGGCCAG 
2242 GGACDGG CUGADGAGGCCGAAAGGCCGAA AGCDCCG 
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2248 UGACAUG COGADGAGGCCGAAAGGCCGAA ACDGGGA 

2254 OGAADGO COGADGAGGCCGAAAGGCCGAA ACADGGA 

2259 GACCOOG CCGADGAGGCCGAAAGGCCGAA ADGUGAC 

2260 OGACCOO COGADGAGGCCGAAAGGCCGAA AADGUGA 
2266 ACCOGGO COGADGAGGCCGAAAGGCCGAA ACCUUGA 
2274 ACAACUG COGADGAGGCCGAAAGGCCGAA ACCDGGU 
2279 CCOGUAC COGADGAGGCCGAAAGGCCGAA ACUGUAC 
2282 CAACCOG COGADGAGGCCGAAAGGCCGAA ACAACUG 
2288 AGOGUAC COGADGAGGCCGAAAGGCCGAA ACCUGUA 
2291 OGCAGOG COGADGAGGCCGAAAGGCCGAA ACAACCU 
2321 CCCAUUa COGADGAGGCCGAAAGGCCGAA AOCOOOU 

2338 CAADGAG COGADGAGGCCGAAAGGCCGAA AGUCCCA 

2339 CCAADGA COGADGAGGCCGAAAGGCCGAA AAGOCCC 
2341 GGCCAAD COGADGAGGCCGAAAGGCCGAA AGAAGOC 
2344 GUOGGCC COGADGAGGCCGAAAGGCCGAA ADSAGAA 

2358 COGGGGA COGADGAGGCCGAAAGGCCGAA AGGCAGG 

2359 UCOGGGG COGADGAGGCCGAAAGGCCGAA AAGGCAG 

2360 UOCOGGG COGADGAGGCCGAAAGGCCGAA AAAGGCA 

2376 AOAGAAA COGADGAGGCCGAAAGGCCGAA AOCACOC 

2377 GADAGAA COGADGAGGCCGAAAGGCCGAA AAOCACU 

2378 CGADAGA COGADGAGGCCGAAAGGCCGAA AAADCAC 

2379 CCGADAG COGADGAGGCCGAAAGGCCGAA AAAADCA 

2380 GCCGADA CD3AXX3AGGCCGAAAGGCCGAA AAAAADC 
2382 GOGCCGA COGADGAGGCCGAAAGGCCGAA AGAAAAA 
2384 UOGOGCC COGADGAGGCCGAAAGGCCGAA AOAGAAA 
2399 GOCCADA COGADGAGGCCGAAAGGCCGAA AGOGCOU 
2401 CAGOCCA COGADGAGGCCGAAAGGCCGAA AUAGOGC 
2411 GAACCAD COGADGAGGCCGAAAGGCCGAA ACCAGUC 

2417 ACCOGOG COGADGAGGCCGAAAGGCCGAA ACCADOA 

2418 AACCOGO COGADGAGGCCGAAAGGCCGAA AACCADU 

2425 ADCOCOG COGADGAGGCCGAAAGGCCGAA ACCOGOG 

2426 AADCOCU COGADGAGGCCGAAAGGCCGAA AACCOGO 

2433 ACOGGGO COGADGAGGCCGAAAGGCCGAA AOCOCOG 

2434 CACOGGG COGADGAGGCCGAAAGGCCGAA AADCUCU 

2448 . GAGGAAU COGADGAGGCCGAAAGGCCGAA AGGCCOC 

2449 GGAGGAA COGADGAGGCCGAAAGGCCGAA AAGGCCU 

2451 AGGGAGG COGADGAGGCCGAAAGGCCGAA ADAAGGC 

2452 AAGGGAG COGADGAGGCCGAAAGGCCGAA AADAAGG 
2455 GGGAAGG COGADGAGGCCGAAAGGCCGAA AGGAADA 

2459 OGGGGGG COGADGAGGCCGAAAGGCCGAA AGGGAGG 

2460 OOGGGGG COGADGAGGCCGAAAGGCCGAA AAGGGAG 

2479 GCOAACA COGADGAGGCCGAAAGGCCGAA AGGOGOC 

2480 GGCOAAC COGADGAGGCCGAAAGGCCGAA AAGGOGU 
• 2483 GGOGGCO COGADGAGGCCGAAAGGCCGAA AfiAAAGG 

2484 AGGOGGC COGADGAGGCCGAAAGGCCGAA AACAAAG 

2492 GGGOGGG COGADGAGGCCGAAAGGCCGAA AGGOGGC 

2504 AGAAADG COGADGAGGCCGAAAGGCCGAA ADGOGGG 

2508 OGGCAGA COGADGAGGCCGAAAGGCCGAA ADGUADG 

2509 COGGCAG COGADGAGGCCGAAAGGCCGAA AADGOAO 
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2510 ACDGGCA CDGATCAGGCCGAAAGGCCGAA AAADGUA 

2520 CADTCDG CDGADGAGGCCGAAAGGCCGAA ACACOGG 

2521 DCADUGU CDGADGAGGCCGAAAGGCCGAA AACACDG 
2533 GACCGCO CDGADGAGGCCGAAAGGCCGAA AGUGOCA 
2540 CAGACAD CDGADGAGGCCGAAAGGCCGAA ACCGCDG 
2545 ADGDCCA CUGADGAGGCCGAAAGGCCGAA ACADGAC 
2568 DDGGGCA CUGADGAGGCCGAAAGGCCGAA ADCCCCU 
2579 CAAGGCA CUGATCAGGCCGAAAGGCCGAA AGCUDGG 
2585 AGAGGAC OjGADGAGGCCGAAAGGCCGAA AGGCAUA 
2588 ACAAGAG CDGADGAGGCCGAAAGGCCGAA ACAAGGC 
2591 AGGACAA CDGADGAGGCCGAAAGGCCGAA AGGACAA 
2593 ACAGGAC CDGADGAGGCCGAAAGGCCGAA AGAGGAC 
2596 CAAACAG CXJSAD3AGGCCGAAAGGCCGAA ACAAGAG 

2601 AAADGCA CDGADGAGGCCGAAAGGCCGAA ACAGGAC 

2602 GAAADGC CDGADGAGGCCGAAAGGCCGAA AACAGGA 

2607 CCAGDGA CDGADGAGGCCGAAAGGCCGAA ADGCAAA 

2608 CCCAGDG CDGADGAGGCCGAAAGGCCGAA AADGCAA 

2609 DCCCAG0 CDGADGAGGCCGAAAGGCCGAA AAADGCA 
2620 ADAGDGC CTX3ADGAGGCCGAAAGGCCGAA AGC0OCC 
2626 GCDGCAA CDGADGAGGCCGAAAGGCCGAA AGDGCAA 
2628 GAGCDGC CDGADGAGGCCGAAAGGCCGAA ADAGDGC 
2635 GAAACOG CDGADGAGGCCGAAAGGCCGAA AGCDGCA 

2640 DGCAGGA CDGADGAGGCCGAAAGGCCGAA ACDGGAG 

2641 CDGCAGG CDGADGAGGCCGAAAGGCCGAA AACDGGA 

2642 ACOGCAG CDGADGAGGCCGAAAGGCCGAA AAACOGG 
2653 GGACCCD OTSAIXSAGGCCGAAAGGCCGAA ATCACDG 
2659 CDDGCAG CDGADGAGGCCGAAAGGCOGAA ACCCOGA 
2689 CCDCCAA CDGADGAGGCCGAAAGGCCGAA ACCDDGG 
2691 GOCCDCC COGAEGAGGOCGAAAGGCCGAA ADACCDD 
2700 UGGGAGG CDGADGAGGCCGAAAGGCCGAA AGDCCDC 
2704 AAGCOGG CDGADGAGGCCGAAAGGCCGAA AGGGAGD 

2711 CCODCCA CDGADGAGGCCGAAAGGCCGAA AGCDGGG 

2712 CCCDOCC CDGADGAGGCCGAAAGGCCGAA AAGCOGG 
2721 CGCGGAD CDGADGAGGCCGAAAGGCCGAA ACCCODC 
2724 ACACGCG CDGADGAGGCCGAAAGGCCGAA ADGACCC 
2744 CDACACA CDGADGAGGCCGAAAGGCCGAA ACACACA 
2750 GCDDGDC CDGADGAGGCCGAAAGGCCGAA ACACADA 
2759 AGAGCGA CDGADGAGGCCGAAAGGCCGAA AGCDDGD 
2761 ACAGAGC CDGADGAGGCCGAAAGGCCGAA AGAGCDD 
2765 GGOGACA CDGADGAGGCCGAAAGGCCGAA AGCGAGA 
2769 CCDGGGD CDGADGAGGCCGAAAGGCCGAA ACAGAGC 
2797 GAACCAD OXSATOAGGCOSAAAGGCCGAA ADDGCAC 

2803 DGCAGOG CDGADGAGGCCGAAAGGCCGAA ACCADGA 

2804 CDGCAGU CDGADGAGGCCGAAAGGCCGAA AACCADG 
2813 AGGDCAA CDGADGAGGCCGAAAGGCCGAA ACDGCAG. 
2815 AAAGGDC CDGADGAGGCCGAAAGGCCGAA AGACOGC 

2821 AGCCCAA CDGADGAGGCCGAAAGGCCGAA AGGDCAA 

2822 GAGCCCA CDGADGAGGCCGAAAGGCCGAA AAGGDCA 

2823 DGAGCCC CDGADGAGGCCGAAAGGCCGAA AAAGGDC 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 PCT/IB95/00156 

189 

2829 AOCACOO CDGADGAGGCCGAAAGGCCGAA AGCCCAA 

2837 GOGGGAG CDGADGAGGCCGAAAGGCCGAA AUCACUU 

2840 GAGGDGG CDGADGAGGCCGAAAGGCCGAA AGGADCA 

2847 GGAGGCO COGADGAGGOCGAAAGGCCGAA. AGGOGGG 

2853 UACOCAG CDGADGAGGCCGAAAGGCCGAA AGGCDGA 

2860 UCCCAGC CDGADGAGGCCGAAAGGCCGAA ACDCAGG 

2872 GOGAGCC CDGADGAGGCCGAAAGGCCGAA ADGGDCC 

2877 GOGOOGO CDGADGAGGCCGAAAGGCCGAA AGCCDAD 

2899 AAAADCA CDGADGAGGCCGAAAGGCCGAA ADDDGCC 

2900 AAAAADC CDGADGAGGCCGAAAGGCCGAA AADDCGC 

2904 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AOCAAAU 

2905 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AADGAAA 

2906 AAAAAAA CD3ADGAGGCCGAAAGGCCGAA AAADCAA 

2907 AAAAAAA COGADGAGGOCGAAAGGCCGAA AAAADCA 

2908 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAADC 

2909 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAU 

2910 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2911 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2912 GAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2913 DGAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2914 CDGAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2915 DC0GAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2916 COCDGAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2917 DCOCDGA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2918 GOCDCDG CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2919 CGOCDCD CDGADGAGGCCGAAAGGCCGAA AAAAAAA 
2931 GODGCGA CDGADGAGGCCGAAAGGCCGAA ACCCCGD 
2933 ADGDDGC CDGADGAGGCCGAAAGGCCGAA AGACCCC 
2941 DCDGGGC CDGADGAGGCCGAAAGGCCGAA ADGDDGC 

2951 . ACAAAGG CDGADGAGGCCGAAAGGCCGAA AGDCDGG 

2952 CACAAAG CDGADGAGGCCGAAAGGCCGAA AAGOCDG 

2955 DAACACA CDGADGAGGCCGAAAGGCCGAA AGGAAGD 

2956 CUAACAC CDGADGAGGCCGAAAGGCCGAA AAGGAAG 

2961 ADDAACD CDGADGAGGCCGAAAGGCCGAA ACACAAA 

2962 DADDAAC CDGADGAGGCCGAAAGGCCGAA AACACAA 

2965 CDODADD CDGADGAGGCCGAAAGGCCGAA ACDAACA 

2966 GCODDAD CDGADGAGGCCGAAAGGCCGAA AACDAAC 
2969 AAAGCDD CDGADGAGGCCGAAAGGCCGAA ADDAACD 

2975 GDDGAGA CDGADGAGGCCGAAAGGCCGAA AGCDDDA 

2976 AGOOGAG CDGADGAGGCCGAAAGGCCGAA AAGCDDD 

2977 CAGDDGA CDGADGAGGCCGAAAGGCCGAA AAAGCDD 
2979 GGCAGOD CDGADGAGGCCGAAAGGCCGAA AGAAAGC 
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Table 5 

Mouse ICAM HH Ribozyme Sequence 

nt. Position Ribozyme Sequence 

H CAACGGO COGAnGAGGCOSAAAGGCCGAA ACCAGGG 

23 AGCAGAG COGATGAGGCCGAAAGGCCGAA ACCACOG 

26 ^^f^ aXS ^ XSC ^^ AGAACCA 

31 OGOGGAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 

34 CGACCCO CDGADGAGGCCGAAAGGCCGAA ADGAGAA 

40 AGGCOAC CDGADGAGGCOGAAAGGCCGAA AGOGOGC 

48 CCAGGOJ COGADGAGGCCGAAAGGCCGAA AGGOCCU 

54 CCADCAC CDGADGAGGCCGAAAGGCCGAA AGGCCCA 

58 GGAGCOA CDGADGAGGCCGAAAGGCCGAA AGGCADG 

64 COGCDGG COGADGAGGCCGAAAGGCCGAA AGGGGDG 

96 GGGCCAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 

102 CCAGCAG CDGADGAGGCCGAAAGGCCGAA ACOGGCA 

108 GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

115 AGGAGCA CDGADGAGGCCGAAAGGCCGAA AGAACCA 

119 DCCOGGD OX3ADGAGGCCGAAAGGCCGAA ACADOCC 

150 GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

GGAAGCG CDGADGAGGCCGAAAGGCCGAA ACGACDG 
AGOGGCD CDGADGAGGCCGAAAGGCCGAA ACACAGA 
GGDODDD CDGADGAGGCCGAAAGGCCGAA AACAGGA 
GCAAAAC CDGADGAGGCCGAAAGGCCGAA ACOOCOG 
GGGGCAG CDGADGAGGCCGAAAGGCOGAA AAGGCDD 
COGCACG CDGADGAGGCCGAAAGGCCGAA ACCCACC 
209 GCCAGAG CDGADGAGGCCGAAAGGCCGAA AAGDGGC 

227 GCAAAAC CDGADGAGGCCGAAAGGCCGAA ACDDCDG 

GGAGCAA CDGADGAGGCCGAAAGGCCGAA ACAACDD 
AGUOCDC CDGADGAGGCCGAAAGGCCGAA AAGCACA 
248 DOOAGGA CDGADGAGGCCGAAAGGCCGAA ADGGGDD 

253 DCOUCCD CDGADGAGGCCGAAAGGCOGAA AGGCAGG 

CAGDAGA CDGADGAGGCCGAAAGGCCGAA AAACCCD 
UAGGCAG CDGADGAGGCCGAAAGGCCGAA AGCCCCa 
CAGCOCA CDGADGAGGCCGAAAGGCOGAA ACAGCDD 
GGCDCAG CDGADGAGGCCGAAAGGCCGAA ADCDCCD 
GOUCOCA CDGADGAGGCCGAAAGGCCGAA AGCAGAG 
CAGOGOG CDGADGAGGCCGAAAGGCCGAA ADOGGAC 
OCAGCOC CDGADGAGGCCGAAAGGCCGAA AACAGCD 
AGCGGAC CDGADGAGGCCGAAAGGCCGAA ACDGCAC 
CGGGDDG CDGADGAGGCCGAAAGGCCGAA AGCCAUU 
GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCUDC 
GGGGCAG COGADGAGGCCGAAAGGCCGAA AAGGCDD 
ACAOGGCJ COGADGAGGCCGAAAGGCCGAA ADGGDAG 
AAACGAA COGADGAGGCCGAAAGGCCGAA ACACGGD 
AGADCGA CDGADGAGGCCGAAAGGCCGAA AGDCCGG 
CGGGGGG CDGADGAGGCCGAAAGGCCGAA AAGDGOG 
COGCDGG COGADGAGGCCGAAAGGCCGAA AGGGGDG 



120 
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337 
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394 

420 
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427 CACUGCU CDGAUGAGGCCGAAAGGCCGAA AGAGCUG 

450 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 

451 CAAAGGA CUGAUGAGGCCGAAAGGCCGAA AGGUUUC 
456 AGUGGCD CDGADGAGGCCGAAAGGCCGAA AGGGUAA 
495 ACACGGD OXSADGAGGCCGAAAGGCCGAA AUGGDAG 
510 CCCCACG OX^OGAGGCCGAAAGGCCGAA AGCAGCA 
554 GGAUGGA CDGADGAGGCCGAAAGGCCGAA ACCUGAG 
592 CCCAEGU CCGAUGAGGCXXSAAAGGCCGAA AUCUUUC 

607 CADGAGA CUGADGAGGCCGAAAGGCCGAA ADDGGCU 

608 GCADGAG CUGADGAGGCCGAAAGGCCGAA AADDGGC 

609 GGCADGA CDGADGAGGCCGAAAGGCCGAA AAAUDGG 
611 GCGGCA0 CDGADGAGGCCGAAAGGCCGAA AGAAADU 

656 CAGCDCA CUGADGAGGCCGAAAGGCCGAA ACAGCDU 

657 UCAGCOC CDGADGAGGCCGAAAGGCCGAA AACAGCU 
668 GGDGGCC OTGAUGAGGCCGAAAGGCCGAA AGGCOCG 
677 AGGCDGG CUGADGAGGCCGAAAGGCCGAA AGAGGOC 
634 AGGACCG OJGADGAGGCCGAAAGGCCGAA AGCOGAA 

692 AAGADCG CDGADGAGGCCGAAAGGCCGAA AAGDDCG 

693 GCAGGGU CDGADGAGGCCGAAAGGCCGAA AGGOCCD 
696 GAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGG 
709 UGAGGDG CDGADGAGGCCGAAAGGCCGAA AGCCGCC 
7 20 AGCDGAA CDGADGAGGCCGAAAGGCCGAA AGDDGDA 
723 CGGAGCD CDGADGAGGCCGAAAGGCCGAA AAAAGDU 
735 DCDCCAG CDGADGAGGCCGAAAGGCCGAA ADCDGGD 
738 CCAOCAC CDGADGAGGCCGAAAGGCCGAA AGGCCCA 
765 GGAAGCG CDGADGAGGCCGAAAGGCCGAA ACGACOG 

769 GGCAGGA CDGADGAGGCCGAAAGGCCGAA ACAGGCC 

770 ODCCAGG CDGADGAGGCCGAAAGGCCGAA AGCAAAA 

785 GGCAGGA CDGADGAGGCCGAAAGGCCGAA ACAGGCC 

786 AGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGC 
792 CDDCCGA CDGADGAGGCCGAAAGGCCGAA ACCDCCA 
794 AGDCDCC CDGADGAGGCCGAAAGGCCGAA AGCCCAG 
807 CCAGGDA CDGADGAGGCCGAAAGGCCGAA ADCCGAG 
833 GGGOGDC OTGADGAGGCCGAAAGGCCGAA AGCDDDG 
Q 46 CAACGGU CDGADGAGGCCGAAAGGCCGAA ACCAGGG 
851 GCDGGDA OXSADGAGGCCGAAAGGCCGAA AGGDCDC 
863 CCAGAGG CDGADGAGGCCGAAAGGCCGAA AGDGGCD 

866 GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCODC 

867 DCDCCGG CDGADGAGGCCGAAAGGCCGAA AACGAAU 
869 CDDGCAU CUGADGAGGCCGAAAGGCCGAA AGGAAGA 
881 ACGGGUU CDGADGAGGCCGAAAGGCCGAA AAGCCAD 
885 DCACCUC CDGADGAGGCCGAAAGGCCGAA ACCAAGG 
933 CCAGAAD CDGADGAGGCCGAAAGGCCGAA AUUADAG 
936 GCACCAG CDGADGAGGCCGAAAGGCCGAA AUGADUA 
978 AGDDGDA CDGADGAGGCCGAAAGGCCGAA ACOGDOA 
980 AAAGDDG CDGADGAGGCCGAAAGGCCGAA AGACDGD 

986 AGCOGAA CDGADGAGGCCGAAAGGCCGAA AGDDGDA 

987 GAGCDGA CUGADGAGGCCGAAAGGCCGAA AAGUDGU 

988 GGAGCUG CUGADGAGGCCGAAAGGCCGAA AAAGDDG 
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1005 OCOCCAG COGADGAGGCCGAAAGGCCGAA AUCDGGU 

1006 UUCCCCA COGADGAGGCCGAAAGGCCGAA ACDCOCA 
1023 CUUCCGA CUGADGAGGCXGAAAGGCCGAA ACCOCCA 
1025 CCCUUCC COGADGAGGCCGAAAGGCCGAA AGACCOC 
1066 OOADOOO OTGAOGAGGCCGAAAGGCCGAA AGAGUGG 

1092 GGCCOGA CUGATOAGGCCGAAAGGCCGAA ADCCAGU 

1093 OUGGCOG COGADGAGGCCGAAAGGCCGAA AGGUCCA 
1125 UCAAGAA COGADGAGGCCGAAAGGCCGAA AGDDGGG 

1163 GCAAAAG COGADGAGGCCGAAAGGCCGAA AGCDDCG 

1164 AGCAAAA CXJGADGAGGCCGAAAGGGOGAA AAGCUDC 
1166 AGAGCAA COGADGAGGCCGAAAGGCCGAA AGAAGCU 
1172 GGUUUUU COSADGAGGCCGAAAGGCCGAA AACAGGA 

1200 UGOGGAG OX3ADGAGGCCGAAAGGCCGAA AGCAGAG 

1201 CDGODCA COGADGAGGCCGAAAGGCCGAA AAGCAGC 
1203 ACOGGOG COGADGAGGCCGAAAGGCCGAA AAAAAGO 

1227 GCACACG COGADGAGGCCGAAAGGCCGAA ADGUACC 

1228 AGCAAAA COGADGAGGCCGAAAGGCCGAA AAGCOOC 
1233 CDCOCCG COGADGAGGCCGAAAGGCCGAA AAACGAA 
1238 AGGACCA CDGADGAGGCCGAAAGGCCGAA ACAGCAC 
1264 CODGCAC COGADGAGGCCGAAAGGCCGAA ACCCOOC 
1267 OOCCCCA COGADGAGGCCGAAAGGCCGAA ACOCDCA 
1294 GGCOCAG COGADGAGGCCGAAAGGCCGAA ADCOCCO 
1255 COGCOGA COGADGAGGCCGAAAGGCCGAA ACCCCDC 
1306 CADOOCA COGADGAGGCCGAAAGGCCGAA AGOCOGC 
1321 OCCOCCO COGADGAGGCCGAAAGGCCGAA AGCCOOC 
1334 OOOAGGA COGAD3AGGCGGAAAGGCCGAA AOGGGOU 
1344 CACOCOC COGADGAGGCCGAAAGGCCGAA AGCOCAU 
1351 UAACOOA COGADGAGGCCGAAAGGCCGAA ACADOCA 
1353 CACCOOC COGADGAGGCCGAAAGGCCGAA ACCCACO 

1366 AGOOGOA COGADGAGGCCGAAAGGCCGAA AC OGUUA 

1367 AGGOGGG COGADGAGGCCGAAAGGCCGAA AGGOGCO 

1368 AGAGOGG CDGADGAGGCCGAAAGGCCGAA ACAGOAC 
1380 CCACCCC COGADGAGGCCGAAAGGCCGAA ADGGGCA 
1388 AGCCACO COGADGAGGCCGAAAGGCCGAA AGOCOCC 
1398 GOOCOGO COGADGAGGCCGAAAGGCCGAA ACAGCCA 
1402 AGOOCOC COGADGAGGCCGAAAGGCCGAA AAGCACA 
1408 CCOCCCC C0GAO3AGGCCGAAAGGCCGAA ADCOCGC 
1410 CCCOOCC COGADGAGGCCGAAAGGCCGAA AGACCOC 
1421 ACAAAAG COGADGAGGCCGAAAGGCCGAA AGGOGGG 
1425 COCOACC COGADGAGGCCGAAAGGCCGAA AGGCAGU 
1429 CAGGGGC COGADGAGGCCGAAAGGCCGAA AUAGAGA 
1444 OCCOCCO COGADGAGGCCGAAAGGCCGAA AGCCOOC 
1455 UCCUGGU COGADGAGGCCGAAAGGCCGAA ACADOCC 
1482 GGGAGCA COGADGAGGCCGAAAGGCCGAA AACAAOJ 
1484 CAOGAGG COGAOSAGGCCGAAAQGCCGAA AGAACAG 
1493 GOOCOCA COGADGAGGCCGAAAGGCCGAA AGCACAG 
1500 GGACCAU COGADGAGGCCGAAAGGCCGAA AOOOCAU 
1503 GAAOGAU COGADGAGGCCGAAAGGCCGAA ADAGOCC 
1506 CGGUUAD COGADGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGU OXIAUGAG^CCGAAAGGCCGAA ADGGUAG 

1518 CGCCOGG CUGAIXSAGGCCGAAAGGCCGAA ACCADGA 

1530 CCAGAAO COGADGAGGCCGAAAGGCCGAA ADOADAG 

1533 GGCCCAC C0GAO3AGGCCGAAAGGCCGAA ADGACCA 

1551 AGCOGCU COGADGAGGCCGAAAGGCCGAA AGGCADG 

1559 AGGDGGG COGADGAGGCCGAAAGGCCGAA AGGOGCU 

1563 GGUUAUA COGADGAGGCCGAAAGGCCGAA ACADAAG 

1565 GCGGUOA COGADGAJ3GCCGAAAGGCCGAA AAACADA 

1567 OGGOGGO COGAOGAGGCOGAAAGGCCGAA AOAAACA 

1584 ADADCCO COGADGAGGCCGAAAGGCCGAA ADCOOOC 

1592 UAACDUG COGADGAGGCCGAAAGGCCGAA ADADCCO 

1599 CCUUCDG CXX2ADGAGGCCGAAAGGCCGAA AAC O UGU 

1651 GCOCAGG COGADGAGGCCGAAAGGCCGAA AGGDGGG 

1661 CAAAGGA COGADGAGGCCGAAAGGCCGAA AGGOUUC 

1663 UOCAAAG COGADGAGGCCGAAAGGCCGAA AAAGGUU 

1678 CCAGGCa COGADGAGGCCGAAAGGCCGAA AGGOCCO 

1680 CCAGAGG COGADGAGGCCGAAAGGCCGAA AGOGGCO 

1681 GCCAGAG COGADGAGGCCGAAAGGCCGAA AAGOGGC 
1684 ACAGCCA COGADGAGGCCGAAAGGCCGAA AGGAAGO 

1690 AGADCGA COGADGAGGCCGAAAGGCCGAA AGOCCGG 

1691 AAGADCG COGADGAGGCCGAAAGGCCGAA AAGOCCG 
1696 CCACCCC COGADGAGGCCGAAAGGCCGAA ADGGGCA 
1698 COCCAGG COGADGAGGCCGAAAGGCCGAA ADADCCG 
1737 GCOGGDA COGADGAGGCCGAAAGGCCGAA AGGOCOC 
1750 OGAGGOG COGADGAGGCCGAAAGGCCGAA AGCCGCC 
1756 GGGCAGG COGADGAGGCCGAAAGGCCGAA AGGCOOC 
1787 OGGGGAC COGADGAGGCCGAAAGGCCGAA ADGOCOC 
1790 AOOAGAG COGADGAGGCCGAAAGGCCGAA ACAADGC 
1793 OCCAGCC COGADGAGGCCGAAAGGCCGAA AGGACCA 
1797 OOOADGO COGADGAGGCCGAAAGGCCGAA ACOGGOG 
1802 OCOCCAG COGADGAGGCCGAAAGGCCGAA ADCOGGO 

1812 GGCCOGA COGADGAGGCCGAAAGGCCGAA ADCCAGO 

1813 DGAGGGO COGADGAGGCCGAAAGGCCGAA AADGCOG 
1825 GCAGAGG COGADGAGGCCGAAAGGCCGAA AGCGOGG 
1837 GGAGCOA COGADGAGGCCGAAAGGCCGAA AGGCADG" 
1845 GGOGGCC COGADGAGGCCGAAAGGCCGAA AGGCOCG 
1856 AAGADCG COGADGAGGCCGAAAGGCCGAA AAGOCCG 
1861 OACOGGA COGADGAGGCCGAAAGGCCGAA ADCADGO 

' 1865 COGAGGC COGADGAGGCCGAAAGGCCGAA ACAAGOG 

1868 OOUAOGO COGADGAGGCCGAAAGGCCGAA ACOGGOG 

1877 AGCOGCO COGADGAGGCCGAAAGGCCGAA AGGCADG 

1901 GOCCCOO COGADGAGGCCGAAAGGCCGAA AGOOOUA 

1912 ACOGAOC COGADGAGGCCGAAAGGCCGAA ACDADAO 

1922 DAACOOA COGADGAGGCCGAAAGGCCGAA ACADOCA 

1923 GAOACCO COGADGAGGCCGAAAGGCCGAA AGCADCA 
1928 COGGOAA COGADGAGGCCGAAAGGCCGAA ACOCOAA 
1930 AGCOGGO COGADGAGGCCGAAAGGCCGAA AAACOCO 
1964 OGGGGAC COGADGAGGCCGAAAGGCCGAA ADGOCOC 
1983 OAACOUG COGADGAGGCCGAAAGGCCGAA ADAOCCO 
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1996 GGCUCAG CXK3AUGAGGCCGAAAGGCCGAA AUCUCCU 

2005 GGUCCGC CTCAUGAGGCCGAAAGGCCGAA AGCUCCA 

2013 UACUCAA OTGAUGAGGCCGAAAGGCCGAA AAAUAGC 

2015 CCACCCC CUGAtXIAGGCCGAAAGGCCGAA AUGGGCA 

2020 CUCAGAA CUGAUGAGGCCGAAAGGCCGAA AACCACC 

2039 CCUCUGC OJGADGAGGCCGAAAGGCCGAA AGCCAGC 

2040 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 
2057 GGAUGUG CUGAUGAGGCCGAAAGGCCGAA AGGAGCA 
2061 ACACGGU CUGAUGAGGCCGAAAGGCCGAA ADGGUAG 
2071 CUGAGGC CUGAUGAGGCCGAAAGGCCGAA ACAAGUG 
2076 UAGCUCU CUGAUGAGGCCGAAAGGCCGAA AGGCUAC 

2097 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUUG 

2098 CGGGGGG CUGAUGAGGCCGAAAGGCCGAA AAGUGUG 
2115 AUCCUCC CUGAUGAGGCCGAAAGGCCGAA AGCUGGC 
2128 CUCAAUA CXK2AUGAGGCCGAAAGGCCGAA AUAGCUG 
2130 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2145 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUDG 
2152 AACUCUA CUGAUGAGGCCGAAAGGCCGAA AUUAAUA 
2156 UAAUAAA OTGAUGAGGCCGAAAGGCCGAA ACAUCAA 

2158 AUUAAUA CUGAUGAGGCCGAAAGGCCGAA AUACAUC 

2159 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2160 AAAUGAA CTCADGAGGCCGAAAGGCCGAA AAAUACA 

2162 CUAAAUU CUGAUGAGGCCGAAAGGCCGAA AUAAADA 

2163 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2166 AAUAGAG CUGAUGAGGCCGAAAGGCCGAA AUGAAGU 

2167 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2170 CUAAAUU CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

2171 GGGAGCA CUGAUGAGGCCGAAAGGCCGAA AACAACU 

2173 CUGGUAA CUGAUGAGGCCGAAAGGCCGAA ACUCUAA 

2174 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2175 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AAACUCU 

2176 UAGCUGG CUGAUGAGGCCGAAAGGCCGAA AAAACUC 
2183 CAAUAAA CUGAUGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CUCAAUA CUGAUGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACUCAAU CUGAUGAGGCCGAAAGGCCGAA AAUAGCU 

2187 UACUCAA CUGAUGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GGUACUC CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
2196 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUUG 

2198 AACAUAA CUGAUGAGGCCGAAAGGCCGAA AGGCUGC 

2199 AUAAACA CUGAUGAGGCCGAAAGGCCGAA AAGAGGC 

2200 CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 

2201 GCCGACA CUGAUGAGGCCGAAAGGCCGAA AAAACUU 
2205 UCAGGCC OXSAUGAGCXXX^AGGCOSAA ACAUAAA 
2210 AGCCACU CUGAUGAGGCCGAAAGGCCGAA AGUCUCC 
2220 AGAGAAC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2224 GGAUGGA CUGAUGAGGCCGAAAGGCCGAA ACCUGAG 
2226 GCGGCCU CUGAUGAGGCCGAAAGGCCGAA AGAUCCA 
2233 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 
2242 GGUCCGC OX^UGAC<:<X^J^C^Ca^, AGCUCCA 
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2248 UGGGADG CDGADGAGGCCGAAAGGCCGAA ADGGADA 

2254 DCAGDGU CUGADGAGGCCGAAAGGCCGAA AAUUGGA 

2259 CACCGDG CDGADGAGGCCGAAAGGCCGAA ADGUGAU 

2260 GCACCGU CDGADGAGGCCGAAAGGCCGAA AAUGDGA 
2266 DCCOGGU CCGADGAGGCCGAAAGGCCGAA ACADDCC 
2274 DCDCCAG CDGADGAGGCCGAAAGGCCGAA AUCDGGD 
2279 CDDGCAC CDGADGAGGCCGAAAGGCCGAA ACCCDDC 
2282 CAGCDCA CDGADGAGGCCGAAAGGCCGAA ACAGCDD 
2288 AGGCCAD CDGADGAGGCCGAAAGGCCGAA ACDDADA 
2291 AGCAGAG CXK2ADGAGGCCGAAAGGCCGAA ACCACDG 
2321 CCCADGU CDGADGAGGCCGAAAGGCCGAA AOCDDDC 

2338 CAGGCAG CDGADGAGGCCGAAAGGCCGAA AGDCDCA 

2339 CAAAGGA CDGADGAGGCCGAAAGGCCGAA AGGDDDC 
2341 AGGCDGG CDGADGAGGCCGAAAGGCCGAA AGAGGDC 
2344 GCDGGAA CDGADGAGGCCGAAAGGCCGAA ADCGAAA 

2358 CDGCDGA CDGADGAGGCCGAAAGGCCGAA AGCOGGG 

2359 DCDGDDC CDGADGAGGCCGAAAGGCCGAA AAAGCAG 

2360 DDCAAAG CDGADGAGGCCGAAAGGCCGAA AAAGGDD 

2376 UCAGAAG CDGADGAGGCCGAAAGGCCGAA ACCACCU 

2377 COCAGAA CDGADGAGGCCGAAAGGCCGAA AACCACC 

2378 CAGUAGA CDGADGAGGCCGAAAGGCCGAA AAACCCD 

2379 CDDADGA CDGADGAGGCCGAAAGGCCGAA AAAAGCA 

2380 GCCGACA CDGADGAGGCCGAAAGGCCGAA AAAACDD 
2382 GGGGCAA CDGADGAGGCCGAAAGGCCGAA AGAGAAD 
2384 DDGDGDC CDGADGAGGCCGAAAGGCCGAA ACDGGAD 
2399 GDCCACA CDGADGAGGCCGAAAGGCCGAA AGOGDDD 
2401 CAGCDCA CDGADGAGGCCGAAAGGCCGAA ACAGCDD 
2411 GCADCCD CDGADGAGGCCGAAAGGCCGAA ACCAGDA 

2417 ACGDADG CDGADGAGGCCGAAAGGCCGAA AOCADDC 

2418 GGCCOGA CDGADGAGGCCGAAAGGCCGAA ADCCAGD 

2425 AACCCDC CDGADGAGGCCGAAAGGCCGAA ACCCADG 

2426 AAACDCD CDGADGAGGCCGAAAGGCCGAA AADDAAD 

2433 GCDGGQA CDGADGAGGCCGAAAGGCCGAA AACDCDA 

2434 AGCDGGD CDGADGAGGCCGAAAGGCCGAA AAACDCD 

2448 GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCDDC 

2449 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AAQGCDD 

2451 AGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGC 

2452 GAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGG 
2455 GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCDDC 

2459 GGGGGGG CDGADGAGGCCGAAAGGCCGAA AGOGOGG 

2460 CGGGGGG CDGADGAGGCCGAAAGGCCGAA AAGDGDG 

2479 GCOGGDA CDGADGAGGCCGAAAGGCCGAA AGGUCDC 

2480 GGADCAC CDGADGAGGCCGAAAGGCCGAA ACGGDGA 

2483 GGUGGCD CDGADGAGGCCGAAAGGCCGAA ACADOGG 

2484 GACDGGD CDGADGAGGCCGAAAGGCCGAA AAAAAAG 
2492 AGGDGGG CDGADGAGGCCGAAAGGCCGAA AGGDGCD 
2504 ACAAAAG CDGADGAGGCCGAAAGGCCGAA AGGDGGG 

2508 DGGGADG CDGAX^JGGCCX^AAGGCCGAJV ADGGADA 

2509 CDGGUAA CDGADGAGGCCGAAAGGCCGAA ACDCDAA 
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2510 GCUGGUA CTCAUGAGGCCGAAAGGCCGAA AACUCUA 

2520 CAUUGGG CDGADGAGGCCGAAAGGCCGAA ACAAAAG 

2521 UGAGGGU CtHIATOAGGCCGAAAGGCCGAA AADGCUG 
2533 GAUACCU CUGAUGAGGCCGAAAGGCCGAA AGCAUCA 
2540 CACAGCG OTGAUGAGGCCGAAAGGCCGAA ACUGCUG 
2545 AGGACCA COGADGAGGCXGAAAGGCCGAA ACAGCAC 
2568 UUUGACA CUGAUGAGGCCGAAAGGCCGAA ACUUCAC 
2579 CAGGCCA CUGAUGAGGCCGAAAGGCCGAA AACUUAU 
2585 AGAGAAC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2588 ADOAGAG OTCAUGAGGCCGAAAGGCCGAA ACAADGC 
2591 AGGAGCA CUGAUGAGGCCGAAAGGCCGAA AGAACCA 
2593 GCAGAGC COGADGAGGCCGAAAGGCCGAA AAAGAAG 
2596 CAUUGGG CUGAUGAGGCCGAAAGGCCGAA ACAAAAG 

2601 AAACGAA CUGAUGAGGCCGAAAGGCCGAA ACACGGU 

2602 GGGADGG CUGAUGAGGCCGAAAGGCCGAA AGCUGGA 

2607 CCAGGUA CUGAUGAGGCCGAAAGGCCGAA ADCCGAG 

2608 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 

2609 UCCUGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCC 
2620 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
2626 GCUGGAA CUGAUGAGGCCGAAAGGCCGAA AUCGAAA 
2628 AGGCUAC CUGAUGAGGCCGAAAGGCCGAA AGUGUGC 
2635 AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 

2640 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

2641 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2642 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2653 GCADCCU CUGAUGAGGCCGAAAGGCCGAA ACCAGUA 
2659 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2689 CCUCGGA CUGAUGAGGCCGAAAGGCCGAA ACAUUAG 
2691 GGCCUCG CUGAUGAGGCCGAAAGGCCGAA AGACAUU 
2700 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 
2704 AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 

2711 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2712 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
2721 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2724 GCACACG CUGAUGAGGCCGAAAGGCCGAA AUGUACC 
2744 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2750 GGUACUC CUGAUGAGGCCGAAAGGCCGAA ADAAAUA 
2759 AGAUCGA CUGAUGAGGCCGAAAGGCCGAA AGUCOGG 
2761 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
2765 AGCGGCA CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 
2769 CCUGUUU CUGAUGAGGCCGAAAGGCCGAA ACAGACU 
2797 GGACCAU OX^UGAGGCCGAAJ^jGGCOSAA AUUUCAU 

2803 CGCCUGG OJGAUGAGGCCGAAAJK3CCGAA ACCAUGA 

2804 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG CUGAUGAGGCCGAAAGGCCGAA ACCGGAG 
2815 AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
2821 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 
2322 AAGUCCG CUGAUGAGGCCGAAAGGCCGAA AGGCUCC 
2823 -JGGGAGC CUGALX^r<^XGAJL^GCCGAA AAAGGCA 
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2829 AUGAUUA CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 

2837 UCAGAAG CUGAUGAGGCCGAAAGGCCGAA ACCACCU 

2840 CAGGCAG CUGAUGAGGQ33AAAGGCCGAA AGUCUCA 

2847 GGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACAUUGG 

2853 AACAUAA CUGAUGAGGCCGAAAGGCCGAA AGGCDGC 

2860 UCACAGU CUGAUGAGGCCGAAAGGCCGAA ACUUGGC 

2872 CUUGGCU CUGAUGAGGCCGAAAGGCCGAA AAGGUCC 

2877 GUGAUGG CUGAUGAGGCCGAAAGGCCGAA AGCGGAA 

2899 AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 

2900 • AAAACUC CUGAUGAGGCCGAAAGGCCGAA AAAUOAA 

2904 AAUAGAG CUGACXSAGGCCGAAAGGCCGAA AUGAAGU 

2905 CAAUAGA CUGAUGAGGCCGAAAGGCCGAA AAUGAAG 

2906 UAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACADCAA 

2907 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2908 AGCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUC 

2909 AGAGCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGCU 

2910 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2911 AAAUUAA CUGAIXSAGGCCGAAAGGCCGAA AAAUACA 

2912 GACAUUA CUGAUGAGGCCGAAAGGCCGAA AGAACAA 

2913 UGACCAG CUGAUGAJGGCCGAAAGGCCGAA AGAGAAA 

2914 CUUAUGA CUGAUGAGGCCGAAAGGCCGAA AAAAGCA 

2915 UCUAAAU CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 

2916 CUCCGGA CUGAUGAGGCCGAAAGGCCGAA ACGAAUA 

2917 UCUCCGG CUGAUGAGGCCGAAAGGCCGAA AACGAAU 

2918 CUCUCCG CUGAUGAGGCCGAAAGGCCGAA AAACGAA 

2919 CGACCCU CUGAUGAGGCCGAAAGGCCGAA AUGAGAA 
2931 CUUCCGA CUGAUGAGGCCGAAAGGCCGAA ACCUCCA 
2933 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
2941 UGGGGAC CUGAUGAGGCCGAAAGGCCGAA AUGUCUC 

2951 GCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGCGUGG 

2952 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 

2955 UGACACA CUGAUGAGGCCGAAAGGCCGAA AGUCACU 

2956 UUGAUUC CUGAUGAGGCCGAAAGGCCGAA AAGGAAA 

2961 AGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACACAGA 

2962 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2965 CUUUAUU CUGAUGAGGCCGAAAGGCCGAA AUUCAAA 

2966 CCUCUGC CUGAUGAGGCCGAAAGGCCGAA AGCCAGC 
2969 AAAACUU CUGAUGAGGCCGAAAGGCCGAA AUUGAUU 

2975 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2976 AGUAGAG CUGAUGAGGCCGAAAGGCCGAA AACCCUC 

2977 CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
2979 GGCAAUA CUGAUGAGGCCGAAAGGCCGAA AGAAUGA 
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Table 9: Rat ICAM HH Ribozyme Target Sequence 



at. 
Position 
11 
23 
26 
31 
34 
40 
48 
54 
58 
64 
96 
102 
108 
115 
119 
120 
146 
152 
158 
165 
168 
185 
209 
227 
230 
237 
248 
253 
263 
267 
293 
319 
335 
337 
338 
359 
367 
374 
375 
378 
386 



EE Target sequence 

GADCCAAU U CACACDGA 
GCOGACUU C CUOCOCOA 
GAACDGCU C UUCCDC UU 
CCUCOGCa C C0GGDCCU 
COGAAGCU C AGADAEAC 
CUCAAGGD A CAAGCCCC 
GAGAACCD C GGCCDGG G 
CCCCGCCU C CCOGAGCC 
CCGOGCCa U UAGCDCCC 
CAADGGCQ V CAACCCGU 

cccajGcu c coGGOcca 

C0CC0GGU C COGGUCGC 
GGACOSCU U GGGGAACU 

uccdacoj u ogooccca 

GACACOGU C CCCAACOC • 
GUUGUGAU C CCCQGGCC 
CCAGACCD U GGAACDCC 
ACCCGGCU C CACCTCAA 
AUUUOJUU C ACGAGOCA 
UGAACAGU A COUCCCCC 
GAAGCCOU C CDGOCUC U 
GGGDGGAU C CGUGCAGG 
CAGCCCCU A ADC0GACC 
GACCAAGD A ACOGOGAA 
CAAGCOGD U GDGGGAGG 
CDGAAGCD C GACACCCC 
GGCCCCCU A CCUUAGGA 
CACCGCCU C AGOGGAGG 
GAGGCAAD U DCCCADGC 
GAAGCCUU C COGCCDCG 
GAAGCOCD U CAAGCOGA 
CGGAGGAU C ACAAACGA 
ACOGOGCa U DGAGAACU 
UGUGCUAD A DGGUCCOC 
AAGCUCUU C AAGCOGAG 
CACGCAGD C CUCGGCUU 
CAADGGCD U CAACCCGa 
TOACCCCD C ACCCACCD 
AGAAGCCU U CCDGCCUC 
ACCCACCU C ACAGGGDA 
CGCDGUGU U UOGGAGCU 



nt. 
Position 

394 

420 

425 

427 

450 

451 

456 

495 

510 

564 

592 

607 

608 

609 

611 

656 

657 

668 

677 

684 

692 

693 

696 

709 

720 

723 

735 

738 

765 

769 

770 

785 

786 

792 

794 

807 

833 

846 

851 

863 

866 



HH Target Sequence 



GoGGCGCU U 
GCACCCCU C 
CCUCGGCa U 

dccccgud tx 

AAGAACCU C 
GGGOACUU C 
CDCGGCDD C 
GCCACCAU C 
GDGCOGCD C 
GAAAABGD U 
GGGAGQAD C 
GAGCCAAD U 
AGCCAADU U 
GCCAADUU C 
CAADUDCU C 
GUCACOGD U 
UCACCGOU C 
GAACOGCD C 
GCACCCCU C 
AGGCAGOJ C 
CCAGACOT U 
CGGACUUU C 
GCCUGUUU C 
CAGCADUD A 
CDACAACD U 
CAACUUUU C 
CUCCOGGU C 
UCCOGCCU C 
ACDGDGCU tJ 
UCOUGUGU U 
COUGDGDU C 
AGGCCDGD U 
GGCCOGOU TJ 
CUCCDGGU C 
DCCDGCCU C 
GCDCAGAD A 
CCOGGGGD U 
COGACAGD U 

gcocaccd u 

CAAUGGCa U 
CCADGCDU C 



CCGAACAG 
CCAGCGCA 
CCGCCACC 
AAAAACCA 
ADCCOGCG 
CCCCAGGC 
CGCCACCA 
ACOGDGOA 
CGOGGGAA 
CCAACCAC 
ACCAGGGA 
DCDCADGC 
CCCADGCD 
UCADGCUD 
AD GCU UC A 
CAAGAADG 
AAGAACGU 

ouccccuu 

CCAGCGCA 
CGGACDUU 
GGAACDCC 
GADC U UCC 
CCGCCDCU 
CCCCUCAC 
UOCAGCDC 
AGCOCCCA 
CCGGUCGC 
GGGGDQGA 
DGAGAACU 

CCCDGGAA 
CCDGGAAG 
DCCUGCCU 
CCDGCCUC 
CDGGDCGC 
DGAAGCUC 
UACCOGGA 
GGAGACUA 
AUDDADUG 
UAGCAGCU 
CAACCCGD 
CDCDGACA 
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CAGCCCCU 
UUGUUGAU 
CUUUUGCO 
UUUUGCUC 
UUGCUCUG 
PGCGGCCU 



867 GACCACCU C CCCACCOA 

869 CUCUUCCU C UUGCGAAG 

881 AADGGCUU C AACCCGDG 

885 GACCAAGU A ACUGUGAA 

933 OGUUJAUU C GUUCCCAG 

936 GCAGAGAU U U U GUGU CA 

978 UOGAGAAU C OACAACUU 

980 GAGAADCU A CAACUUCU 

986 COACAACa U UUCAGCCC 

987 UACAACUU U UCAGCDCC 

988 ACAACODU U CAGCUCCC 

1005 UUCGUGAU C GUGGOAJC 

1006 GUQGGAGU A UCACCAGG 
1023 CCGGAGGU C UCAGAAGG 
1025 GGAGGUCU C AGAAGGGG 

1066 ccoaccuu u guococaa 

1092 AGAGGGGU C UCAGCAGA 

1093 AGGGGAAU C 
1125 CCCCAACU C 
U^3 ACGACGCU U 
iiw CGACGCUU c 
1166 ACGCUUCO U 
1172 CDUUDGCU C 

1200 ADCCAADU C ACACDGAA 

1201 UDGGGCUU C UCCACAGG 
1203 GG GOJUOJ C CACAGGUC 

1227 UUGGAACU C OUDGDGCU 

1228 GCGGGCUU C GUGADCGU 
1233 CUU-UGUU C CUGGUCGC 
1238 UGOGCUAU A CGGUCCOC 
1264 GGAAAGAU C AUACGGGU 
1267 GOCACUGU U CAAGAADG 

1294 CAGAGADU XJ UGUGU CA G 

1295 AGAGGGGD C UCAGCAGA 
1306 AGCAGACU C UUACAUGC 
1321 AACAGAGU C UGGGGAAA 
1334 GOADUCGU XJ CCCAGAGC 
1344 UCGGUGCU C AGGOADCC 
1351 UCAGGCCU A AGAGGACO 
1353 UAGCAGCU C AACAADGG 

1366 AGGGOACU XJ COCCCAGG 

1367 GGGUACDU C CCOCAGGC 

1368 GAEGGUGU C COGCOGCC 
1380 CUGOCUAU C GGGADGOT 
1388 UGGAGACU A ACUGGADG 
1398 CUGGCUGU C ACAGGACA 
1402 CUGUUCUU U GAGAACUG 
"08 UUCGUGAU C GDGGCGUC 
1<10 OGAACDAU C GAGOGGAC 



1421 

1425 

1429 

1444 

1455 

1482 

1484 

1493 

1500 

1503 

1506 

1509 

1518 

1530 

1533 

1551 

1559 

1563 

1565 

1567 

1584 

1592 

1599 

1651 

1661 

1663 

1678 

1680 

1681 

1684 

1690 

1691 

1696 

1698 

1737 

1750 

1756 

1787 

1790 

1793 

1797 

1802 

1812 

1813 

1825 

1837 

1845 

1856 

1861 



GGGOACDU 
ACCCACCU 
ADACUDGU 
AGAAGGCU 
GGGAGUAU 
AGGGOACU 
ACDGCUCU 
CCUGGGGU 
CGUGAAAD 
GAAAADGU 
TOGGUCAU 
GCCACCAU 
GUCCUGGU 
ACCUGGGU 
CUGADCA0 
GUGGCCCU 
UGGGAAGU 
UCCUACCU 
UUACACCU 
ACAOCUAU 
AGGAAGAD 
CAGGADAU 
QACAAGOa 
CCCOGCCU 
CUGCACDU 
GAACAGAU 
GAGAACCa 
GGGCUUCU 
GGCCUGUU 
CUGCUCGU 

ccccaccu 

CCGGACUU 
CUCCUGGU 
UCAGAUAU 
GAUCACAU 
GUCCADUU 
CCUCDGCU 
GAGAACCU 
GACACUGU 
AUGGUOCU 
UCCCUGUU 
GCUCAGAU 
AACAGAGU 
GCGGGCTO 
GCCACCAU 
ACCCACCU 
AGAGGACU 
CCCCUAAU 
CADGUGCU 



C CCCCAGGC 
C CUCUGGCU 
A GCCUCAGG 
C AGGAGGAG 
C ACCAGGGA 
XJ CCCCCAGG 

u ccacuuGc 

XJ GGAGACUA 
U ABGGUCAA 
U CCAACCAC 
A ADDGUUGG 
C ACUGOGOA 
C GCCGUUGU 
C ADAADUGU 
U GCGGGCUU 

c ugcucgua 

C CC U G UUU A 
U UGUOCCCA 
A UUACCGCC 
U ACCGCCAG 
C AGGAUAUA 
A CAAGUUAC 
A CAGAAGGC 
C CCUGAGCC 
XJ GCCCOGGU 
C AADGGACA 
C GGCCUG GG 
C CACAGGDC 
U CCUGCCUC 
A GACCUCUC 
A CADACADU 
XJ CGADCUUC 
C CUGGUCGC 
A CCUGGAGA 
XJ CACGGUGC 
A CACCOAUU 
C CUGGOCCU 
C GGCCUGGG 
C CCCAACUC 
C AOCUGGAC 
U AAAAACCA 
A UACCUGGA 
C UGGGGAAA 
C GUGAUCGU 
C AOJGOGUA 
C ACAGGGUA 
C GGAGGGGC 
C UGACCUGC 
A UAUGGUCC 
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1865 

1863 

1877 

1901 

1912 

1922 

1923 

1928 

1930 

1964 

1983 

1956 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 

2189 

2196 



UAUCCGGU 
UCACGAGU 
ACAGUACU 
CUAAAACU 
GAACAGAU 
ADGUAAGU 
UGGACGCU 
GCUCAGAU 
UGGAGACU 

GAGAACCU 
UGGAAGCU 
ADGUAAGU 
CGCUGCCU 

c c Gccaap 

UAUUGAGU 
CGGAGGAU 
CCCGACCU 
CUGGUCCJ 
GCGUCCAU 
AUACUCGU 
CGUAGCCU 
CCAACUCU 
CCUGACCU 
UUCCGACU 
AGUGCUGU 
GCCUGUUU 
CCAACDCU 
UUGAGAAU 
UGACAGUU 
UGAUGUAU 
GAUGUAIJU 
ADGUADUU 
ACAUUCCU 
UAUUUAUU 
UGAUGUAU 
GAUGUAUU 
GUAUUUAU 
CAGUUAUU 
UGUGCUAU 
UCUCUAUU 
AUUUCUUU 
GAAAAUGU 
UGACAGUU 
ACAGUUAU 
CAGUUAUU 
AGUUAUUU 
UUAUUUAU 
CUGACAGU 



A GACACAAG 
C AUAUAAAU 
U CCCCCAGG 
C AAGGUACA 
C AAUGGACA 
U AUUGCCUA 
C ACCUUUAG 
A UACCUGGA 
A ACUGGAUG 
U GUGUCAGC 
C GGCCUGGG 
C UUCAAGCU 
U AUUGCCUA 
A UCGGGAUG 
C GGGAUGGU 
A CCCUGUAC 
C ACAAACGA 
C CUGGAGGU 
C CAAUGGCU 
U UACACCUA 
A GCCUCAGG 
C AGGCCUAA 
U GUUGAUGU 
C CUGGAGGU 
A GGGUCCCG 
A CCAOGAUC 
C CUGCCUCU 
U GUUGAUGU 
C UACAACUU 
A UUUADUGA 
U UAUUAAUU 
U AUUAAUUC 
A UUAAUUCA 
A CCUUUGUU 
A AUUCAGAG 
U UAUUAAUU 
U AUUAAUUC 
0 AAUUCAGA 
U AUUGAGUA 
A UGGUCCUC 
A CCCCUGCU 
C ACGAGUCA 
U CCAACCAC 
A UUUAUUGA 
U UAUUGAGU 
U AUUGAGUA 
A UUGAGOAC 
U GAGUACCC 
U AUUUADUG 



2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 

2451 

2452 



GAAUGUCU 
AGACUCUU 
GGGUACUU 
GGGCUUCU 
UUUUUJGU 
CGGAGACU 
GAGAACCU 
ACAUACAU 
CUGGACCU 
UCACGCUU 
ACACAGCU 
CUCCUGGU 
AUCCAAUU 
GAUCACAU 
AUCACAUU 
AUCAGGAU 
GAGCAGGU 
GGAAAGAU 
ACAGUUAU 
GCCCUGGU 
CAGGAUAU 
GGAAAGAU 
UUGGGCUU 
GGGUACUU 
GGGCCUGU 
CUGCUCGU 
CCCUGCCU 
CCAUCCAU 
CUUGUGUU 
GAACUGCU 
GACUUCCU 
GCUGAUUU 
CUGCUCUU 
UGAUUUCU 
AUUUCUUU 
UAUCCGGU 
UAAAUACU 
UGUGCUAU 
CAAUUUCU 
AUCAGGAU 
UCAUGCUU 
UUAUUAAU 
CCUGGGGU 
UCAGAGUU 
CGGAGGAU 
UGAACAGU 
GAAGCCUU 
GGCCUGUU 
GCCUGUUU 



C CGAGGUCA 
A CAUGCCAG 
C CCCCAGGC 
C CACAGGUC 
C AGCCACCG 
A ACTOGAUG 
C GGCCUGGG 
U CCEACCUU 
C AGGCCACA 
C ACAGAACU 
C UCAGUAGU 
C CUGGUCGC 
C ACACUGAA 
U CAOGGUGC 
C AOGGUGCU 
A UACAAGUU 
U AACAUGUA 
C AUACGGGU 
U UAUUGAGU 
C CUCCAAUG 
A CAAGUUAC 
C AUACGGGU 
C UCCACAGG 
C CCCCAGGC 
C GGCGCUCA 
A GACC0CUC 
C CUCCCACA 
C CCACAGAA 
C CCUGGAAG 
C UUCCUCUU 
V CUCUAUUA 
C UUUCACGA 
C CUCUUGCG 
U UCACGAGU 
C ACGAGUCA 
A GACACAAG 
CGUGGACG 
UGGUCCUC 
AUGCUUCA 
UACAAGUU 
ACAGAACU 
CAGAGUUC 
U GGAGACUA 
C UGACAGUU 
C ACAAACGA 
A CUUCCCCC 
C CUGCCUCG 
U CCUGCCUC 
C CUGCCUCU 
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2455 ACADUCCU A C OJUUGUU 

2459 CCCDGCCU C CDCCCACA 

2460 CCUACCUU U GDDCCCAA 

2479 UUACACCU A UUACCGCC 

2480 GUCGCCGU U GUGADCCC 

2483 ACCUUUGU U CCCAADGU 

2484 CCUUUGOU C CCAADGUC 
2492 GACCACCU C CCCACCUA 
2504 ACCUACAD A CADUCCUA 

2508 ACAUACAU U CCUACCUU 

2509 CADACADa C CUACCUUU 

2510 GUCCADUU A CACCUADU 

2520 A CLUUUGU U CCCAADGU 

2521 CCUUUGUU C CCAADGUC 
2533 ACAGCADU U ACCCCDCA 
2540 UCGGOUOJ C AGGUADCC 
2545 AGGCAGCU C CGGACUUU 
2563 CAGAGADU U UGUG U CAG 
2579 CCOGCACa U UGCCCDGG 
2585 C U UJUCGU A GACCUCUC 
2588 UGCCUCCU C CCACAGCC 
2591 C UUiUCUJ C UUGCGAAG 
2593 UCUCUADU A CCCCUGCU 
2596 CUOCUGGU C C UGGUO GC 

2601 UGUGCUAU A UGGUCCUC 

2602 GUCCUGGU C GCCGUUGU 

2607 GUGGGAGU A DCACCAGG 

2608 CUUUAGCU C CCGUGGGA 

2609 UGGAGACU A ACUGGADG 
2620 TCAGAGUU C UGACAGUU 
2626 CUCUCAGU A GUGCUGCU 
2628 UACAACUU U DCAGCOCC 
2635 UCACAGAU C CAADUCAC 

2640 GCUCAGGU A UCCADCCA 

2641 CCCCACCa A CAUACAUU 

2642 GCCUGUUU C OTGCCUCU 
2653 CCACAGGU C AGGG U GC U 
2659 AGAAGGGU C CUGCAAGC 
2689 ACUAGGGU C CUGAAGCU 
2691 UCAGGCCU A AGAGGACU 
2700 AGGGUACU U CCCCCAGG 
2704 GACCACOJ C CCCACCUA 

2711 CCCUACCU U AGGAAGGU 

2712 CCUACCUU A GGAAGGUG 
2721 GGAAAGAU C AUACGGGU 
2724 AAGAUCA0 A C GGGUUUG 
2744 GGGUGGAU C CGOGCAGG 
2750 GUCCCUGU U UAAAAACC 
2759 GACGAACU A UCGAGUGG 



2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 

2821 

2822 

2823 

2829 

2837 

2840 

2847 

2853 

2860 

2872 

2877 

2899 

2900 

2904 

2905 

2906 

2907 

2908 

2909 

2910 

2911 

2912 

2913 

2914 

2915 

2916' 

2917 

2918 

2919 

2931 

2933 

2941 

2951 

2952 

2955 

2956 

2961 

2962 

2965 

2966 

2969 



CGGACUUU 
OJUUUGCD 
UUCUCUAU 
CGUGAAAD 
CUCADGCU 
UCADGCUU 
GCUCCCAU 
CGGACUUU 
CCUGACCU 
UACAACUU 
CAACUUUU 
CCGGUGCU 
CACAGGGU 
GCACCCCU 
UUACCCCU 
UUCGADCU 

uojuujgu 
gggccugu 

UGGAGDCU 
AGGCAGCU 
GGCUGACU 
GAACUGCU 
GGCUGACU 
GUUGAUGU 
CCWCUCUU 
TX3ADGUAD 
GAACUGCU 
ACUUCCUU 
UUCCUUCU 
ADGUADUU 
UGUGUAUU 
GUAUUUAU 
UADUUADU 
CUCUUCCU 
CUUCCUCU 
AUUUCUUU 
UUUUGUGU 
GAUGGUGU 
UGGAGUCU 
CAGUACUU 
ACCADGCU 
CCGGACUU 
UGCUUCCU 
CUUUCCUU 
UUUUGUGU 
UGUGUAUU 
CUUTOAAU 
UGGAAGCU 
GAAUCAA0 



C GADCUUCC 
C UGCGGCCU 
U ACCCCUGC 
U AUGGUCAA 
U CACAGAAC 
C ACAGAACU 
C CUGACCCU 
C GADCUUCC 
C CUGGAGGU 
U UCAGCUCC 
C AGCUCCCA 
C AGGUADCC 
A CUUCCCCC 
C CCAGCGCA 
C ACCCACCU 
U CCGACUAG 
tT CCCUGGAA 
C GGCGCUCA 
C CCAGCACC 
C CGGACUUU 

u cojulucu 

C UUCCUCUU 
u CCUUCUCU 
A UUUADUAA 
C CUCUUGCG 
U UADUAADU 
C UUCCUCUU 
C UCUADUAC 
C UAUUACCC 
A UUAAUUCA 
C GUUCCCAG 
U AAUUCAGA 
A ADDCAGAG 
C UUGCGAAG 
U GCGAAGAC 
C ACGAGUCA 
C AGCCACUG 
C.CCGCUGCC 
C CCAGCACC 
C CCCCAGGC 
U CCUCUGAC 
U CGADCUUC 
C UGACAUGG 
U GAADCAAU 
C AGCCACUG 
C GUUCCCAG 
C AADAAAGU 
C UUCAAGCU 
A AAGUUUUA 
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2975 OGGAAGCU C DUCAAGCU 

2976 UADMJGGU C CUCACCUG 

2977 GAAGCDCU U CAAGCDGA 
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Table 10: Rat ICAM HH Ribozyme Sequences 



at; Rat HH Ribozyme Sequence 

Position 

11 0CAGCG0G COGADGAGGCCGAAAGGCCGAA ADTOGACC 

23 OAGAGAAG CXX2ADGAGGCCGAAAGGCCGAA AAGOCAGC 

26 AAGAGGAA COGADGAGGCCGAAAGGCCGAA AGCAGUUC 

31 AGGACCAG COGADGAGGCCGAAAGGCCGAA AGCAGAGG 

34 GGADADCO COGADGAGGCCGAAAGGCCGAA AGCOOCAG 

40 GGGGC00G COGADGAGGCCGAAAGGCCGAA ACCDOGAG 

48 CCCAGGCC COGADGAGGCCGAAAGGCCGAA AGGUOCCC 

54 GGCOCAGG COGADGAGGCCGAAAGGCCGAA AGGCGGGG 

58 GGGAGCDA COGADGAGGCCGAAAGGCCGAA AGGCACGG 

64 ACGGGOOG COGADGAGGCCGAAAGGCCGAA AGCCADOG 

96 AGGACCAG COGADGAGGCCGAAAGGCCGAA AGCAGAGG 

102 GCGACCAG COGADGAGGCCGAAAGGCCGAA ACCAGGAG 

108 AGOOCCCC COGADGAGGCCGAAAGGCCGAA AGCAG0CC 

115 DGGGAACA COGADGAGGCCGAAAGGCCGAA AGGOAGGA 

119 GAGOCGGG COGADGAGGCCGAAAGGCCGAA ACAGOGOC 

120 GGCCCGGG COGADGAGGCCGAAAGGCCGAA ADCACAAC 
146 GGAGOOCC COGADGAGGCCGAAAGGCCGAA AGGOCDGG 
152 OOGAGGUG COGADGAGGCCGAAAGGCCGAA AGCCGGGO 
158 OGACDCGO COGADGAGGCCGAAAGGCCGAA AAAGAAA0 
165 GGGGGAAG COGADGAGGCCGAAAGGCCGAA ACOGUOCA 
163 CGAGGCAG COGAIK3AGGCCGAAAGGCCGAA AAGGCOOC 
185 CCOGCACG COGADGAGGCCGAAAGGCCGAA ADCCACCC 
209 GGOC AGAD COGADGAGGCCGAAAGGCCGAA AGGGGCDG 
227 OOCACAGO COGADGAGGCCGAAAGGCCGAA ACOOGGUC 
230 CCDCCCAC COGADGAGGCCGAAAGGCCGAA ACAGCOCG 
237 GGGGOGOC COGADGAGGCCGAAAGGCCGAA AGCOOCAG 
248 OCCOAAGG COGADGAGGCCGAAAGGCCGAA AGGGGGCC 
253 CCDCCACO COGADGAGGCCGAAAGGCCGAA AGGCAGOG 
263 GCADGAGA COGADGAGGCCGAAAGGCCGAA ADOGGCOC 
267 CGAGGCAG COGADGAGGCCGAAAGGCCGAA AAGGCOOC 
293 OCAGCOOG COGADGAGGCCGAAAGGCCGAA AGAGCOOC 
319 OCGUUUGU COGADGAGGCCGAAAGGCCGAA ADCCOCCG 
335 AGOOCOCA COGADGAGGCCGAAAGGCCGAA AGCACAGO 

337 GAGGACCA COGADGAGGCCGAAAGGCCGAA ADAGCACA 

338 COCAGCOO COGADGAGGCCGAAAGGCCGAA AAGAGCOO 
359 AAGCCGAG COGADGAGGCCGAAAGGCCGAA ACOGCGOG 
367 ACGGGOOG COGADGAGGCCGAAAGGCCGAA AGCCADOG 

374 AGGOGGGO COGADGAGGCCGAAAGGCCGAA AGGGGUAA 

375 GAGGCAGG COGADGAGGCCGAAAGGCCGAA AGGCOOCO 
378 OACCCOGO COGADGAGGCCGAAAGGCCGAA AGGOGGGO 
386 AGCOCCAA COGADGAGGCCGAAAGGCCGAA ACACAGCG 
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394 CDGODCAG CDGADGAGGCCGAAAGGCCGAA AGCACCAC 

420 DGCGCOGG OTGADGAGGCCGAAAGGCCGAA AGGGGOGC 

425 GGDGGCAG CDGADGAGGCCGAAAGGCCGAA AGCCGAGG 

427 OGGDOOOO CDGADGAGGCCGAAAGGCCGAA AACAGGGA 

450 CGCAGGAD CDGADGAGGCCGAAAGGCCGAA AGGUDCDU 

451 GCCDGGGG CDGADGAGGCCGAAAGGCCGAA AAGOACCC 
456 OGGOGGCA CDGADGAGGCCGAAAGGCCGAA AAGCCGAG 
495 OACACAGO CDGADGAGGCCGAAAGGCCGAA ADGGDGGC 
510 OOCCCACG COGADC3USGCCGAAAGGCGGAA AGCAGCAC 
564 GDGGDDGG C0GADGAGGCO2AAAGGCCGAA ACADOOOC 
592 UCCCUU^J CDGADGAGGCCGAAAGGCCGAA ADACDCCC 

607 GCADGAGA OJGADGAGGCCGAAAGGCCGAA ADDGGCDC 

608 AGCADGAG CDGADGAGGCCGAAAGGCCGAA AADDGGCD 

609 AAGCADGA CDGADGAGGCCGAAAGGCCGAA AAADDGGC 
6H DGAAGCAD CDGADGAGGCCGAAAGGCCGAA AGAAADDG 

656 CADDCODG CDGADGAGGCCGAAAGGCCGAA ACAGDGAC 

657 ACADOCOD CDGADGAGGCCGAAAGGCCGAA AACAGDGA 
668 AAGAGGAA CDGADGAGGCCGAAAGGCCGAA AGCAGUDC 
677 DGCGCOGG CTCADGAGGOCGAAAGGCOGAA AGGGGDGC 
684 AAAGOCCG COGADGAGGCCGAAAGGCCGAA AGCOGCCO 
652 GGAGDDCC CDGADGAGGCCGAAAGGCCGAA AGGDCDGG 
693 GGAAGADC CTOADGAGGCCGAAAGGCCGAA AAAGOCCG 
696 AGAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGGC 
709 GOGAGGGG CDGADGAGGCCGAAAGGCCGAA AAADGCDG 
720 G^GCOGAA CDGADGAGGCCGAAAGGCCGAA AGDDGDAG 
723 UGGGAGCO CDGADGAGGCCGAAAGGCCGAA AAAAGOOG 
735 GCGACCAG CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 
738 OCCACCCC CDGADGAGGCCGAAAGGCCGAA AGGCAGGA 
765 AGUUCUCA CTOADGAGGCCGAAAGGCCGAA AGCACAGD 

769 UOCCAGGG CDGADGAGGCCGAAAGGCCGAA ACACAAGA 

770 COOCCAGG CDGADGAGGCCGAAAGGCCGAA AACACAAG 

785 AGGCAGGA CDGADGAGGCCGAAAGGCCGAA ACAGGCCD 

786 GAGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGCC 
792 GCGACCAG COGATOAGGCCGAAAGGCCGAA ACCAGGAG 
794 GAGCO0CA CDGADGAGGCCGAAAGGCCGAA AGGCAGGA 
807 OCCAGGDA CDGADGAGGCCGAAAGGCCGAA ADCDGAGC 
833 UAGOCOCC COGADGAGGCCGAAAGGCCCSVA ACCCCAGG 
846 CAADAAAD CDGADGAGGCCGAAAGGCCGAA ACDGDCAG 
851 AGCOGCDA CDGADGAGGCCGAAAGGCCGAA AGGDGAGC 
863 AOGGGODG CDGATOAGGCCGAAAGGCCGAA AGCCADDG 
866 OGOCAGAG CUGMX3AGGCGGAAAGGGGGAA AAGCADGG 
8 67 DAGGDGGG CDGADGAGGCCGAAAGGCCGAA AGGDGGDC 
869 COOCGCAA CDGADGAGGCCGAAAGGCCGAA AGGAAGAG 
881 CACGGGOU CDGADGAGGCCGAAAGGCCGAA AAGCCADD 
885 ODCACAGO CDGADGAGGCCGAAAGGCCGAA ACODGGOC 
933 COGGGAAC CDGADGAGGCCGAAAGGCCGAA AADACACA 
936 TCACACAA CDGADGAGGCCGAAAGGCCGAA ADCOCOGC 
978 AAGOOGDA CDGADGAGGCCGAAAGGCCGAA ADOCOCAA 
980 AAAAGOOG CDGADGAGGCCGAAAGGCCGAA AGADDCDC 
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986 GAGCUGAA CTGADGAGGCCGAAAGGCCGAA AGOUGOAG 

987 GGAGCOGA C0GADGAGGCO3AAAGGCCGAA AAGUOGOA 

988 GGGAGCOG CUGADGAGGCCGAAAGGCCGAA AAAGOUGU 

1005 GACGCCAC CDGADGAGGCCGAAAGGCCGAA ADCACGAA 

1006 CCUGGOGA OTSADGAGG03SAAAGGCCGAA ACUCCCAC 
1023 CCUUCCGA CDGADGAGGCCGAAAGGCCGAA AOXCCGG 
1025 CCCCUOCU CUGADGAGGCCGAAAGGCCGAA AGACCDCC 
1066 UTCGGAAC COGADGAGGCCGAAAGGCCGAA AAGGOAGG 

1092 . UCUGCUGA COGADGAGGCCGAAAGGCCGAA ACCCCCCO 

1093 AGGGGCCG COGADGAGGCCGAAAGGCCGAA AECCCCCU 
1125 ADCAACAA COGADGAGGCCGAAAGGCCGAA AGOOGGGG 

1163 AGCAAAAG COGADGAGGCCGAAAGGCCGAA AGOGCOGO 

1164 GAGCAAAA COGADGAGGCCGAAAGGCCGAA AAGCGOCG 
1166 CAGAGCAA CTGADGAGGCCGAAAGGCCGAA AGAAGCGO 
1172 AGGCCGCA COGADGAGGCCGAAAGGCCGAA AGCAAAAG 

1 200 U0CAG3GD COGADGAGGCCGAAAGGCCGAA AADCGGAD 

1201 CCOGOGGA COGADGAGGCCGAAAGGCCGAA AAGCCCAA 
1203 GACCCGUG OTGAOG&GGCCGAAAGGCCGAA AGAAGCCC 

1227 AGCACADG COGADGAGGCCGAAAGGCCGAA AGDOCCAA 

1228 ACGAUCAC OX2AD3AGGCXGAAAGGCCGAA AAGCCCGC 
1233 GCGACCAG OXSADGAGGCCGAAAGGCXGAA ACCAGGAG 
1238 GAGGACCA OX5ADGAGGCCGAAAGGCCGAA ADAGCACA 
1264 ACCCGDAD OTGADGAGGCCGAAAGGCCGAA ACCUUOCC 
1267 CADDCUUG COGADGAGGCCGAAAGGCCGAA ACAG0GAC 
-294 CCGACACA COGADGAGGCCGAAAGGCCGAA AADCCCCG 
1295 UCDGCDGA CTGADGAGGCCGAAAGGCCGAA ACCCCOOT 
1306 GCADGUAA COGADGAGGCCGAAAGGCCGAA AGGCOGCO 
1321 UUUCCCCA COGADGAGGCCGAAAGGCCGAA ACOCUGOU 
1334 GOJCUGGG CTGADGAGGCCGAAAGGCCGAA ACGAADAC 
1344 GGADACCD COGADGAGGCCGAAAGGCCGAA AGCACCGA 
1351 AGUCCOOJ COGADGAGGCCGAAAGGCCGAA AGGCCOGA 
1353 CCADCGUU COGADGAGGCCGAAAGGCCGAA AGCOGCOA 

1366 CCOGGGGG COGADGAGGCCGAAAGGCCGAA AGOACCCU 

1367 GCCDGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 

1368 GGCAGCGG CTGADGAGGCCGAAAGGCCGAA ACACCADC 
1380 ACCADCCC COGADGAGGCCGAAAGGCCGAA ADAGGCAG 
1388 CADC CAGU COGADGAGGCCGAAAGGCCGAA AGOCOCCA 
1398 OGDCCDGD COGADGAGGCCGAAAGGCCGAA ACAGCCAG 
1402 CAGDDCOC COGADGAGGCCGAAAGGCCGAA AAGCACAG 
1408 GACGCCAC CTGADGAGGCCGAAAGGCCGAA ADCACGAA 
1410 GUCCACOC COGADGAGGCCGAAAGGCCGAA ADAGUDCG 
142 1 GCCDGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 
1425 AGOCAGAG COGADGAGGCCGAAAGGCCGAA AGGCGGGD 
1429 CCDGAGGC COGADGAGGCCGAAAGGCCGAA ACAAGUAD 
1444 COCCOCOJ COGADGAGGCCGAAAGGCCGAA AGCCODCO 
1455 OCCCOGGD COGADGAGGCCGAAAGGCCGAA ADACOCCC 
1482 CCOGGGGG COGADGAGGCCGAAAGGCCGAA AGOACCCU 
1484 GCAAGAGG COGADGAGGCCGAAAGGCCGAA AGAGCAGU 
1453 OAGOCOCC OJGADGAGGCCGAAAGGCCGAA ACCCCAGG 
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1500 DDGACCAD CDGADGAGGCCGAAAGGCCGAA ADDDCACG 

1503 GOGGOOGG CDGADGAGGCCGAAAGGCCGAA ACADDUDC 

1506 CCAACAAU CUGAOGAGGCCGAAAGGCCGAA ADGACCCA 

1509 UACACAGD CDGAUGAGGCCGAAAGGCCGAA AUGGUGGC 

1518 ACAACGGC CDGADGAGGCCGAAAGGCCGAA ACCAGGAC 

1530 ACAAUUAD CDGADGAGGCCGAAAGGCCGAA ACCCAGGU 

1533 AAGCCCGC COGADGAGGCCEAAAGGCCGAA ADGADCAG 

1551 UACGAGCA CDGADGAGGCCGAAAGGCCGAA AGGGCCAC 

1559 OAAACAGG CDGADGAGGCCGAAAGGCCGAA ACDDCCCA 

1563 DGGGAACA CDGADGAGGCCGAAAGGCCGAA AGGOAGGA 

1565 GGCGGDAA CDGADGAGGCCGAAAGGCCGAA AGGDGUAA 

1567 CDGGCGGU CDGADGAGGCCGAAAGGCCGAA ADAGGDGU 

1584 UADADCCU CDGADGAGGCCGAAAGGCCGAA ADCOUCCU 

1592 GOAACDDG CDGADGAGGCCGAAAGGCCGAA ADADCCUG 

1599 GCCODCDG CDGADGAGGCCGAAAGGCCGAA AACDDGUA 

1651 GGCDCAGG CDGADGAGGCCGAAAGGCCGAA AGGCGGGG 

1661 ACCAG GGC OXiAUGAGGCCGAAAGGCCGAA AAGUGCAG 

16 63 U5DCCADD CDGADGAGGCCGAAAGGCCGAA ADCDGUDC 

1678 CCCAGGCC CDGADGAGGCCGAAAGGCCGAA AGGDUCDC 

1680 GACCOGDG CDGADGAGGCCGAAAGGCCGAA AGAAGCCC 

1681 GAGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGCC 
1684 GAGAGGOC CDGADGAGGCCGAAAGGCCGAA ACGAGCAG 

1690 AADGOADG CDGADGAGGCCGAAAGGCCGAA AGGDGGGG 

1691 GAAGADCG CDGADGAGGCCGAAAGGCCGAA AAGDCCGG 
1696 GCGACCAG CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 
1698 DCDCCAGG CDGADGAGGCCGAAAGGCCGAA ADADCDGA 
1737 GCACCGOG CDGADGAGGCCGAAAGGCCGAA ADGDGAUC 
1750 AADAGGOG CDGADGAGGCCGAAAGGCCGAA AAADGGAC 
1756 AGGACCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAGG 
1787 C CCAGGCC CDGADGAGGCCGAAAGGCCGAA AGGDUCDC 
1790 GAGDDGGG CDGADGAGGCCGAAAGGCCGAA ACAGDGUC 
1793 GDCCAGGO CDGADGAGGCCGAAAGGCCGAA AGGACCAD 
1797 DGGDDDDD CDGADGAGGCCGAAAGGCCGAA AACAGGGA 
1802 DCCAGGOA CDGADGAGGCCGAAAGGCCGAA ADCDGAGC 

1812 UDOCCCCA CDGADGAGGCCGAAAGGCCGAA ACDCDGDD 

1813 ACGADCAC OTGADGAGGCCGAAAGGCCGAA AAGCCCGC 
1825 UACACAGD CDGADGAGGCCGAAAGGCCGAA ADGGOGGC 
1837 DACCCTOU CDGADGAGGCCGAAAGGCCGAA AGGOGGGU 
1845 GCCCCOCC CDGADGAGGCCGAAAGGCCGAA AGOCCDCD 
1856 GCAGGOCA CDGADGAGGCCGAAAGGCCGAA ADDAGGGG 
1861 GGACCADA CDGADGAGGCCGAAAGGCCGAA AGCACADG 
1865 CDDGOGOC CDGADGAGGCCGAAAGGCCGAA ACCGGADA 
1868 ADDUADAU CDGADGAGGCCGAAAGGCCGAA ACOCGDGA 
1877 CCOGGGGG CDGADGAGGCCGAAAGGCCGAA AGDACDGU 
1501 DGOACCOU CDGADGAGGCCGAAAGGCCGAA AGDODDAG 
1512 DGOCCADD CDGADGAGGCCGAAAGGCCGAA ADCDGDDC 

1522 UAGGCAAD CDGADGAGGCCGAAAGGCCGAA ACOOACAU 

1523 COAAAGGD CDGAUGAGGCCGAAAGGCCGAA AGCGDCCA 
1528 UCCAGGOA CDGADGAGGCCGAAAGGCCGAA ADCDGAGC 
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1530 CADCCAGCT COGADGAGGCCGAAAGGCCGAA AGOCOCCA 

1964 GCOGACAC OX3ADGAGGCCGAAAGGCCGAA AAADCOCU 

1983 CCCAGGCC COGADGAGGCCGAAAGGCCGAA AGG00C0C 

1996 AGC00GAA COGADGAGGCCGAAAGGCCGAA AGCOUCCA 

2005 UAGGCAAU OX3ADGAGGCCGAAAGGCCGAA ACOUACAD 

2013 CADCCCGA COGADGAGGCCGAAAGGCCGAA AGGCAGCG 

2015 ACCADCCC COGAIX3AGGCCGAAAGGCCGAA ADAGGCAG 

2020 GGACAGGG CCGATOAGGCCGAAAGGCCGAA AC0CAADA 

2039 DCGUUUGU COGADGAGGCCGAAAGGCCGAA ADCCOCCG 

2040 ACC0CCAG C0GAD3U3GCOC2AAAGGCCGAA AGG0CAGG 
2057 AGCCAUUG COGADGAGGCOGAAAGGCCGAA AGGACCAG 
2061 UAGG0G0A COGADGAGGCCGAAAGGCCGAA ADGGACGC 
2071 CCOGAGGC COGAIX2AGGCCGAAAGGCCGAA ACAAGOAU 
2076 UUAGGCCU OT2ADGAGGCCGAAAGGCCGAA AGGCOACA 

2097 ACADCAAC COGADGAGGCCGAAAGGCCGAA AGAGOOGG 

2098 ACCTOCAG OJGMXSAGGCCGAAAGGCa^ AGGOCAGG 
2H5 CAGGACCC OX3MJGAGGCCGAAAGGCCGAA AGOCGGAA 
2128 GADCADGG CXfGADGAGGCCGAAAGGCCGAA ACAGCACD 
2130 AGAGGCAG COGADGAGGCCGAAAGGCCGAA AAACAGGC 
2145 ACADCAAC OX2ADGAGGCCGAAAGGCCGAA AGAGOOGG 
2152 AAGUUGUA OTGADGAGGCGGAAAGGCCGAA ADUCOCAA 
2156 OCAADAAA COGADGAGGCCGAAAGGCCGAA AACOGOCA 

2158 AADOAADA CTCADGAGGCOSAAAGGCCGAA ADACADCA 

2159 GAADOAAU COGADGAGGCCGAAAGGCCGAA AADACADC 
2150 UGAADOAA COGADGAGGCCGAAAGGCCGAA AAADACAD 

2162 AACAAAGG COGADGAGGCCGAAAGGCCGAA AGGAADGU 

2163 COCCGAA0 COGADGAGGCOGAAAGGCOGAA AAUAAADA 

2166 AADOAADA COGADGAGGCCGAAAGGCCGAA ADACADCA 

2167 GAADUAAD COGADGAGGCCGAAAGGCCGAA AADACADC 

2170 OCOGAADU COGADGAGGCCGAAAGGCCGAA ADAAADAC 

2171 UACUCAAD COGADGAGGCCGAAAGGCCGAA AADAACOG 

2173 GAGGACCA COGADGAGGCOGAAAGGCCGAA ADAGCACA 

2174 AGCAGGGG COGADGAGGCCGAAAGGCCGAA AADAGAGA 

2175 OGACOCGU COGADGAGGCCGAAAGGCCGAA AAAGAAAD 

2176 G0GG00GG COGADGAGGCCGAAAGGCCGAA ACADOOOC 
2183 UCAADAAA COGADGAGGCCGAAAGGCCGAA AACOGOCA 

2185 ACOCAADA COGADGAGGCCGAAAGGCCGAA ADAACOGCJ 

2186 DACOCAAD COGADGAGGCCGAAAGGCCGAA AADAACOG 

2187 GOACOCAA COGADGAGGCCGAAAGGCCGAA AAADAACO 
2189 GGGOACOC COGADGAGGCCGAAAGGCCGAA ADAAADAA 
2196 CAADAAAD COGADGAGGCCGAAAGGCCGAA ACOGOCAG 
2198 DGACCOCG COGADGAGGCCGAAAGGCCGAA AGACADOC 
2X99 COGGCADG COGADGAGGCCGAAAGGCCGAA AAGAGOCD 

2200 G CCOGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 

2201 GACCOGOG COGADGAGGCOGAAAGGCCGAA AGAAGCCC 
2205 CAGOGGCD COGADGAGGCCGAAAGGCCGAA ACACAAAA 
2210 CADCCAGO COGADGAGGCCGAAAGGCCGAA AGOCOCCA 
2220 CCCAGGCC COGADGAGGCCGAAAGGCCGAA AGGOOCOC 
2224 AAGGOAGG COGADGAGGCCGAAAGGCCGAA ADGOADGO 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



PCMB95/00156 



211 



2226 UGOGGCCO CDGADGAGGCCGAAAGGCCGAA AGGOCCAG 

22 33 AGUOCDGU OTGADGAGGCCGAAAGGCCGAA AAGCADGA 

2242 ACOACOGA OTGADGAGGCCGAAAGGCCGAA AGCOGOGU 

2248 GCGACCAG CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 

2254 UOCAGOGO CDGADGAGGCCGAAAGGCCGAA AADGGGAD 

2259 GCACCGOG CTGADGAGGCCGAAAGGCCGAA AEGGGAOC 

2260 AGCACCGU CDGADGAGGCCGAAAGGCCGAA AADGOGAU 
2265 AAL'UUGUA CDGADGAGGCCGAAAGGCCGAA AECCOGAU 
2274 UACADGOU CDGADGAGGCCGAAAGGCCGAA ACCUGCOC 
2279 ACCCGDAD COGADGAGGCCGAAAGGCOGAA ADCCOCCC 
2282 ACOCAADA CDGADGAGGCCGAAAGGCCGAA AHAACOGU 
2288 GADUGGAG CCGADGAGGCCGAAAGGCCGAA ACCAGGGC 
2291 GOAACOOG CTGADGAGGCCGAAAGGCCGAA ADADCCUG 
2 321 ACCCGQAU CTGADGAGGCCGAAAGGCCGAA ACCTUOCC 

2338 CTOGOGGA CUGADGAGGCCGAAAGGCCGAA AAGCCCAA 

2339 GCOTGGGG CDGADGAGGCCGAAAGGCCGAA AAGUACCC 
2341 OGAGCACC C0GADGAGGCCC3UIAGGCCGAA ACAGGCCC 
2344 GAGAGGOC COGADGAGGCCGAAAGGCOGAA ACGAGCAG 

2358 UGOGGGAG CTGADGAGGCCGAAAGGCCGAA AGGCAGGG 

2359 UOCOGOGG CUGADGAGGCCGAAAGGCCGAA AEGGADGG 

2360 CUUCCAGG CTGADGAGGCCGAAAGGCCGAA AACACAAG 

2376 AAGAGGAA COGADGAGGOOGAAAGGCCGAA AGCAGUUC 

2377 UAADAGAG COGADGAGGCCGAAAGGCOGAA AGGAAGUC 

2378 UCGDGAAA CTGADGAGGCCGAAAGGCCGAA AAAOCAGC 

2379 CGCAAGAG CTGADGAGGCCGAAAGGCCGAA AAGAGCAG 

2380 ACDCGDGA CDGADGAGGCCGAAAGGCCGAA AGAAADCA 
2382 OGACOCG O CDGADGAGGCCGAAAGGCCGAA AAAGAAAD 
2384 CODGOGDC CDGADGAGGCCGAAAGGCCGAA ACCGGADA 
2399 CGDCCACA CDGADGAGGCCGAAAGGCCGAA AGDADOUA 
2401 GAGGACCA CDGADGAGGCCGAAAGGCCGAA ADAGCACA 
2411 OGAAGCAU CDGADGAGGCCGAAAGGCCGAA AGAAADUG 

2417 AAL' UUiUA CTGADGAGGCCGAAAGGCCGAA ADCCDGAD 

2418 AGOOCOGO CDGADGAGGCCGAAAGGCCGAA AAGCADGA 

2425 GAAOTCOG CDGADGAGGCCGAAAGGCCGAA ADUAADAA 

2426 ' OAGOCOCC CDGADGAGGCCGAAAGGCCGAA ACCCCAGG 

24 33 AACOGOCA COGADGAGGCOGAAAGGCOGAA AACDCDGA 

24 34 DCUJUUGU COGADGAGGCOGAAAGGCOGAA ADCCDCCG 

2448 GGGGGAAG CDGADGAGGCCGAAAGGCCGAA ACDGDOCA 

2449 CGAGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCDDC 

2451 GAGGCAGG COGADGAGGCCGAAAGGCOGAA AACAGGCC 

2452 AGAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGGC 
2455 AACAAAGG CDGADGAGGCCGAAAGGCCGAA AGGAADGD 

2459 DGDGGGAG CDGADGAGGCCGAAAGGCCGAA AGGCAGGG 

2460 DDGGGAAC CDGADGAGGCCGAAAGGCCGAA AAGGDAGG 

2479 GGCGGDAA CDGADGAGGCCGAAAGGCCGAA AGGDGDAA 

2480 GGGADCAC CDGADGAGGCCGAAAGGCCGAA ACGGCGAC 

2483 ACADOGGG COGADGAGGCCGAAAGGCOGAA ACAAAGGD 

2484 GACADDGG CDGADGAGGCCGAAAGGCCGAA AACAAAGG 
2492 UAGGCGGG COGATOAGGCOGAAAGGCCGAA AGGUGGDC 
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2504 OAGGAADG COGADGAGGCCGAAAGGCCGAA ADGUAGGU 

2508 AAGGOAGG OJGADGAGGCCGAAAGGCCGAA AOGOADGU 

2509 AAAGGOAG COGADGAGGCCGAAAGGCCGAA AADGOADG 

2510 AADAGGOG COGADGAGGCCGAAAGGCCGAA AAADGGAC 

2520 ACADOGGG COGADGAGGCCGAAAGGCCGAA ACAAAGGU 

2521 GACAUUGG COGADGAGGCCGAAAGGCCGAA AACAAAGG 
2533 OGAGGGGD CUGADGAGGCCGAAACGCCGAA AADGCUGU 
2540 GGADACCU COGADGAGGCCGAAAGGCCGAA AGCACCGA 
2545 AAAGDCCG COGADGAGGCCGAAAGGCCGAA AGCOGCCU 
2568 COGACACA CTOADGAGGCCGAAAGGCCSAA A A DCUCUG 
2579 CCAGGGCA COGADGAGGCCGAAAGGCCGAA AGOGCAGG 
2585 GAGAGGOC COGADGAGGCCGAAAGGCCGAA ACGAGCAG 
2588 GGC0G0GG COGADGAGGCCGAAAGGCCGAA AGGAGGCA 
2S91 CDUCGCAA COGADGAGGCCGAAAGGCCGAA AGGAAGAG 
2593 AGCAGGGG COGADGAGGCCGAAAGGCCGAA AADAGAGA 
2596 GCGACCAG COGADGAGGCCGAAAGGCCGAA ACCAGGAG 

2601 GAGGACCA COGADGAGGCCGAAAGGCCGAA AUAGCACA 

2602 ACAACGG C COGADGAGGCCGAAAGGCCGAA AOCAGGAC 

2607 CCUGGOGA COGADGAGGCCGAAAGGCCGAA ACOCCCAC 

2608 OCCCACGG COGADGAGGCCGAAAGGCCGAA AGCUAAAG 

2609 CADCCAGO COGADGAGGCCGAAAGGCCGAA AGOCUCCA 
2620 AACOGOCA COGADGAGGCCGAAAGGCCGAA AACOCOGA 
2626 AGCAGCAC COGADGAGGCCGAAAGGCCGAA ACOGAGAG 
2628 GGAGCOGA COGADGAGGCCGAAAGGCCGAA AAGCOGOA 
2535 GOGAADUG COGADGAGGCCGAAAGGCCGAA ADCOGOGA 

2640 OGGADGGA COGADGAGGCCGAAAGGCCGAA ACCOGAGC 

2641 AADGOADG COGADGAGGCCGAAAGGCCGAA AGGOGGGG 

2642 AGAGGCAG COGADGAGGCCGAAAGGCCGAA AAACAGGC 
26 f 3 AGCACCCO COGADGAGGCCGAAAGGCCGAA ACCOGOGG 
26^9 GCOOGCAG COGADGAGGCCGAAAGGCCGAA ACCCOUCU 
2689 AGCOOCAG COGADGAGGCCGAAAGGCCGAA ACCCOAGO 
2691 AGOCCOCO COGADGAGGCCGAAAGGCCGAA AGGCCOGA 
2700 CCOGGGGG COGADGAGGCCGAAAGGCCGAA AGOACCCO 
2704 OAGGCGGG COGADGAGGCCGAAAGGCCGAA AGGOGGOC 

2711 ACCOUCCT aXSMZHSGCCGM^^ AGGOAGGG 

2712 CACCOOCC COGADGAGGCCGAAAGGCCGAA AAGGOAGG 
2721 ACCCGOAD CUSADGAGGCCGAAAGGCOGAA ADCOOOCC 
2724 CAAACCCG COGADGAGGCCGAAAGGCCGAA ADGADCUU 
2744 . CCOGCACG COGADGAGGCCGAAAGGCCGAA ADCCACCC 
2750 GGOOOOUA OX2ADGAGGCCGAAAGGCCGAA ACAGGGAC 
2759 CCACOCGA COGADGAGGCCGAAAGGCCGAA AGOOCGUC 
2 761 GGAAGADC COGADGAGGCCGAAAGGCCGAA AAAGDCCG 
2765 AGGCCGCA COGADGAGGCCGAAAGGCCGAA AGCAAAAG 
2769 GCAGGGGD OTGAD3AGGCCGAAAGGCCGAA ADAGAGAA 
2797 U OGACCAU COGADGAGGCCGAAAGGCCGAA ADOOCACG 

2803 GOUCUGUG CUGADGAGGCCGAAACGCCGAA AGCADGAG 

2804 AGOOCOGO COGADGAGGCCGAAAGGCCGAA AAGCADGA 
28 13 AGGGOCAG COGADGAGGCCGAAAGGCCGAA ADGGGAGC 
2815 GGAAGADC COGADGAGGCCGAAAGGCCGAA AAAGDCCG 
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2821 ACCOCCAG CDGADGAGGCCGAAAGGCCGAA AGGCCAGG 

2822 GGAGCOGA CUGADGAGGCCGAAAGGCCGAA AAGUUGUA 

2823 OGGGAGCU COGADGAGGCCGAAAGGCCGAA AAAAGUUG 
2829 GGAUACCU CDGAUGAGGCCGAAAGGCCGAA AGCACCGA 
2837 GGGGGAAG COGADGAGGCCGAAAGGCCGAA ACCCOGoG 
2840 UGCGCCGG COGADGAGGCCGAAAGGCCGAA AGGGGCGC 
2847 AGGUGGGO OTGADGAGGCXGAAAJ3GCCGAA AGGGGUAA 
2853 CUAGOCGG CUGAD3AGGCCGAAAGGCCGAA AGADCGAA 
2860 UOCCAGGG COGADGAGGCCGAAAGGCCGAA ACACAAGA 
2872 OGAGCACC QjGADGAGGCTGAAAGGCCGAA ACAGGCCC 
2877 GGCGCDGG CDGATOAGGCOGAAAGGCOGAA AGACOCCA 

2899 AAAGOCCG COGATOAGGCCGAAAGGCCGAA AGCOGCCU 

2900 AGAGAAGG COGADGAGGCCGAAAGGCCGAA AGCCAGCC 

2904 AAGAGGAA COGADGAGGCCGAAAGGCCGAA AGCAGOOC 

2905 AGAGAAGG COGADGAGGCCGAAAGGCCGAA AGUCAGCC 

2906 UUAADAAA COGADGAGGCCGAAAGGCCGAA ACADCAAC 

2907 CGCAAGAG COGADGAGGCCGAAAGGCCGAA AAGAGCAG 

2908 AADUAADA COGADGAGGCCGAAAGGCCGAA ADACADCA 

2909 AAGAGGAA COGADGAGGCCGAAAGGCCGAA AGCAGOUC 

2910 GUAADAGA COGADGAGGCCGAAAGGCCGAA AAGGAAGO 

2911 GGGCAADA COGADGAGGCCGAAAGGCCGAA AGAAGGAA 

2912 UGAADUAA COGADGAGGCCGAAAGGCCGAA AAADACAD 

2913 COGGGAAC COGADGAGGCCGAAAGGCCGAA AADACACA 

2914 DCOGAADO COGADGAGGCCGAAAGGCCGAA ADAAADAC 

2915 COCCGAAD COGADGAGGCCGAAAGGCCGAA AADAAADA 

2916 COUCGCAA COGADGAGGCCGAAAGGCCGAA AGGAAGAG 

2917 GOCUUCGC COGADGAGGCCGAAAGGCCGAA AGAGGAAG 
2913 OGACOCGD COGADGAGGCCGAAAGGCCGAA AAAGAAAD 
2919 CAGCGGCO COGADGAGGCCGAAAGGCCGAA ACACAAAA 
2931 GGCAGCGG COGADGAGGCCGAAAGGCCGAA ACACCADC 
2933 GGOGCCGG COGADGAGGCCGAAAGGCCGAA AGACOCCA 
2941 GCCOGGGG COGADGAGGCCGAAAGGCCGAA AAGUACOG 

2951 GOCAGAGG COGADGAGGCCGAAAGGCCGAA AGCADGGU 

2952 GAAGADCG COGADGAGGCCGAAAGGCCGAA AAGOCCGG 

2955 CCADGOCA COGADGAGGCCGAAAGGCCGAA AGGAAGCA 

2956 ADOGAOOC COGADGAGGCCGAAAGGCCGAA AAGGAAAG - 

2961 CAGOGGCO COGADGAGGCCGAAAGGCCGAA ACACAAAA 

2962 COGGGAAC COGADGAGGCCGAAAGGCCGAA AADACACA 

2965 ACUOUADO COGADGAGGCCGAAAGGCCGAA ADDCAAAG 

2966 AGCODGAA COGADGAGGCCGAAAGGCCGAA AGCUDCCA 
2969 UAAAACOU COGADGAGGCCGAAAGGCCGAA ADOGAOOC 

2975 AGCODGAA COGADGAGGCCGAAAGGCCGAA AGCOOCCA 

2976 CAGGOGAG COGADGAGGCCGAAAGGCCGAA ACCADADA 

2977 CCAGCOOG COGADGAGGCCGAAAGGCCGAA AGAGCOOC 
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Table 11: Human IL-5 HH Target Sequence 



nt* HH Target Sequence 
Position 

8 ADGCAOJ 0 UCUUUGC 

9 TJGCACUU U COOGGCC 

10 GCACUUU C UDOGCCA 

12 ACUUUCU U UGCCAAA 

13 CUUUCUU U GCCAAAG 

36 AGAACGU U UCAGAGC 

37 GAACGUU U CAGAGCC 

38 AACGOUU C AGAGCCA 

56 GGADGCU U CUGCAOT 

57 GAJJGCUU C TCCADOU 

63 UCOGCA0 U UGAGUUU 

64 CTCCAUU U GAGUUUG 

69 DOUGAGQ U UGCUAGC 

70 UDGAGUU 17 GCUAGOT 
74 GDUDGCU A GO J OJ U G 
78 GCOAGCa C UDGGAGC 
80 UAGCDCU U GGAGCOG 
91 GCOGCCa A CGOGOATJ 
97 UACGOGU A UGCCADC 
104 ADGCCAD C CCCACAG 

116 CAGAAATJ U CCCACAA 

117 AGAAADU C CCACAAG 
130 AGUGCAD U GGDGAAA 
145 GAGACCtJ U GGCACOG 

155 CACOGCU U TCOACOC 

156 ACUGCUU U COACOCA 

157 COGCOUU C UACOCAU 
159 GCUUUCU A CUCADCG 
162 UUCUACU C ADCGAAC 
165 UACOCAD C GAACUCCJ 
171 DCGAACU C UGCOGAD 
179 TX3C0GAU A GCCAADG 
192 UGAGAD7 C UGAGGAU 

200 UGAGGAU U CCOGDUC 

201 GAGGADU C C U UUUUC 

206 UUCCUGU U CCUGUAC 

207 OCCOGUU C CTJGOACA 
212 UUCCDGU A CAUAAAA 
216 UGUACATJ A AAAADCA 
222 UAAAAAU C ACCAACU 



nt. 


HH Tnxget Sequence 


Position 


245 


A Af^Ii A ATT rmrv^ 


247 


CIA A. AT IT*TT 7T r ir*»r»*^*A 


248 


AAAT1CT 71 1 n f^f* - "**""^ 


249 




257 




273 


V3VaA * J «wv C AAACUGU 


291 


A^aWiu A CuGDGGA 


305 


AAAGACU A TJOCAAAA 


Jv / 


AGACUATJ U CAAAAAC 


juo 


GAujauu C AAAAACU 


71 c 
.Jib 


AAAAACU U GDCCUUA 


71 a 


AACUDGU C COUAAUA 


7*50 


UUGUCCCT U AADAAAG 




UGOCCUU A AUAAAGA 


326 


CCUUAAU A AAGAAAU 


334 


AAGAAAD A CATJOGAC 


9*3 a 

338 


AATJACATJ TJ GAOGGCC 


380 


GGAGAGU A AACCAAU 


388 


AACCAAU U COJAGAC 


389 


ACCAAUU C COAGACU 


392 


AADOCCU A GACOACC 




COAGACU A CCUGCAA 


AftQ 


CAAGAGU TJ UCUUGGU 


%±\J 


AAGAGOU TJ CUUGGCG 




AGAGUUU C UUGGUGU 


413 


auuuucju u GGUGUAA 


419 


UUGGUGU A ADGAACA 


437 


AGDGGAU A AUAGAAA 


440 


GGADAAU A GAAAGUU 


447 


AGAAAGU TJ GAGACOA 


454 


OGAGACU A AACTJGGTJ 


462 


AACCGGU U TJGDTJGCA 


463 


ACOUAJU TJ GDDGCAG 


466 


GGUUUGU V GCAGCCA 


479 


CAAAGAU U UOGGAGG 


480 


AAAGAUU U TJGGAGGA 


481 


AAGATJTJU U GGAGGAG 


497 


AGGACAU 0 CUACUGC 


498 


GGACADU U TJACTJGCA 


499 


GACATJUU U ACDGCAG 
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iU-AUUUU A CUGGAGU 


684 


^1 
JJl 


AAAlariGU C AGGOCUU 


685 


528 


»-no*jUJJ U AAUuUUvJ 


686 


539 




688 


542 


Qll l } A ATT tt TTnr*A atta 


coo 


543 


cuuaado n npAArran 




544 


nrjAAUULI TT PAAITAT7A 




545 


nAAUUUlJ C AATTATTAA 


<TQ"3 


549 


fJTJTk^A ATT & TTA ATTTTTTA 


b97 


551 


TmJVTTATT A Al ITIMAAf* 


698 


554 


A77ATTA ATT TT TTA A/l Ml/* 


703 




TTA TTA Al n f TT A A/"! n i/ it 


704 


556 


ATTA & r II tt t a imnni^ 


708 


560 


TTTTTTA Am TT 


715 


561 


rTTTAAmiT r* aflnflrarn 
wun<u.uu Afcamasjsaii 


719 


573 


GGAAAGIT A A ATTA! TT TT T 


720 


577 


AGQAAAU A PDnPRflG 




579 


TTA A ATTATT TT nC^AGQTA 




580 


7AAATTATTTT TT CAGQOtfT 


/AO 


581 


AAHADDU C AGGCATTa 




588 


caggcatj A cnrsAOAr 1 




597 




734 


598 




735 


611 


AAAGCATJ A A AA1 VTrTt- 


745 


616 


ATTA A A ATT TT Otl TAAAA 
U \~UUAAAA 


746 


617 


TTA A A ATTTT O TTTTA AA "RTT 
UnnnnUU v> UUAAAAU 


752 


619 


A A ATTTT/ *T 1 TT Hill IMT* tt 


753 


620 


A AT II If ^ TT 1 A A A ATTATT* 


757 


625 


nTTA AAATT A TTATTfTT ir*& 


761 


627 


AAA ATTATT A f II II IMR^»Ti 


762 


629 


A ATTA TTA TT TT rv'SOHTTH 


765 


630 


ATTATTATTTT TT P1V^*11TT*tt 
AUAUAUU U UuaAUAU 


767 


631 


1 inf 1 AT TT Tf T O APATTJITT^ 

uauauuu v. aoAUaun... 


768 


636 


Til W'AflATT A TIOAPA att 


769 


638 


{"*Af2ATTATT O A/"*AArUf*R 


771 


644 


IV *Af2A ATT f TiTTf V 'fc > r* 


772 


647 


ffA A TV* ATT TT f*Tl HP! i»tt 


773 


653 


uuvjrthljU A UUUiX*JU 


778 


655 


«wwAU U ULffJt^AJU 


779 


656 


AAVjUAUU U UVJUUUUa 


783 


657 


AffTTA T TT If T TT A^n/v^k 

AUUAUUU U CCUOCAG 


788 


658 


GUAuuuu C CUOCAGG 


789 


661 


UUUUCCCJ C CAGGCAA 


791 


672 


GCAAAAU U GAUaTJAC 


794 


676 


AADUGAU A TJAOJUUU 


805 


678 


UUCATJATJ A CUUUUUU 




581 


AUAJJACtJ U UUUUCUU 




682 


UAIJACUU U TJUTJCUXJA 
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tJAUJUUU U DCDOAUD 
ACUuuuu 0 QJOADDU 
CUUUUUU C DTJADOtJA 
UUUUUCU U AUUUAAC 
UUUucuu A wTJTJAACU 
UUCUUAD U OAACDUA 
UCUUAUU TJ AACTJUAA 
COTJADDU A ACUOAAC 
wTJUAACU U AACADDC 
COAACUTJ A ACADTJOJ 
OUAACATJ D CDCTAAA 
wAACADTJ c CGDAAAA 
ADUCOGD A AAADGOC 
AAAADGU C TJGUUAAC 
QgUUiUJ U AACOXJAA 
GDOJUUU A ACTJOAAU 
GUTJAACU TJ AATJAGOA 
tTCTAACUa A ArjASDAU 
ACTJQAAU A GUAUUUA 
^AAtTAGU A UOrjATJGA 
AnAGQATJ Tj rj^TJGAAA 
HAGUAUU TJ ATJGAAATJ 
AGUAUUU A TJGAAADG 
AAACOGU TJ AAGAAUU 
AATJGGDU a ASAATJUa 
wAAGAAU U DGGOAAA 
AAGAADU TJ GGOAAATJ 
ADUTJGGU A AATJTJAGTJ 
GGDAAAU TJ ASTJADDU 
GTJAAAOTJ A UJALIUUA 
AATJTJAGtJ A TJTJTJATJOTJ 
OTAGUATJ Tj TJ AUUUA A 
UAGUAUU U ADOrjAAU 
AGUAUUU A TJUTJAATJS 
UATjrjTJATJ U TJA A UG UU 
AUUUAUU TJ AAUGUUA 
UUUAUUU A ATJGUUAU 
TOAADGTJ TJ ATJSUUGU 
UAADGUU A TJGUDGUG 
GUUAUGU TJ G U C AJU C U 
GUUGOGa TJ CTJAATJAA 
UUGUGUU C TJAATJAAA 
WGUUCU A ATJAAAAC 
UUCUAAU A AAACAAA 
CAAAAAU A GACAACU 
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Table 12: Human IL-6 HH Ribozyme Sequences 



at . HH Riboryme Sequence 

Position 

8 GCAAAGA C0GADGAGGO2SAAAGGCCGAA AGOGCA0 

9 GGCAAAG CUGATCAGGCCGAAAGGCCGAA AAGCGCA 
10 UGGCAAA COGADGAGGCCGAAAGGCCGAA AAAGCGC 

12 ODOGGCA CDGATCAGGCCX3AAAGGCXGAA AGAAAGU 

13 COOOGGC OTGATOAGGCXGAAAGGCCGAA AAGAAAG 

36 GCOCOGA COGADGAGGCCGAAAGGCCGAA ACGOCOJ 

37 GGCOCOG COGADGAGGCCGAAAGGCCGAA A&GSOCC 

38 0GGC0CO C0GAIX3AGGCCGAAAGGCCGAA AAACGUU 

56 AADGCAG COGADGAGGCCGAAAGGCCGAA AGCADCC 

57 AAADGCA aXaATOAGGCCGAAAGGCGGAA AAGCADC 

63 AAACOCA OT3ADGAGGCCGAAAGGCCGAA ADGCAGA 

64 CAAACUC COGADGAGGCCGAAAGGCCGAA AADGCAG 

69 GCOAGCA OK3ADGAGGCCGAAAGGCCGAA ACDCAAA 

70 AGCOAGC CUGAIX3AGGCCGAAAGGCCGAA AACOCAA 
74 CAAGAGC COGADGAGGCCGAAAGGCCGAA AGCAAAC 
78 GCUCCAA COGADGAGGCCGAAAGGCCGAA AGCOAGC 
80 CAGCOCC COGADGAGGCCGAAAGGCCGAA AGAGCDA 
91 ADACACG COGADGAGGCCGAAAGGCCGAA AGGCAGC 
97 GADGGCA COGADGAGGCCGAAAGGCCGAA ACACGOA 
104 COGOGGG COGADGAGGCCGAAAGGCCGAA ADGGCAD 

116 OOGOGGG COGADGAGGCCGAAAGGCCGAA ADODCOG 

117 CUU^UGG COGAOTAGGCCGAAAGGCGGAA A A D U UC U 
130 OOOCACC COGADGAGGCCGAAAGGCCGAA ADGCACD 
145 CAGOGCC COGADGAGGCCGAAAGGCCGAA AGGUCUC 

155 GAGOAGA COGADGAGGCCGAAAGGCCGAA AGCAGUG 

156 OGAGOAG COGADGAGGCCGAAAGGCCGAA AAGCAGU 

157 ADGAGOA COGADGAGGCCGAAAGGCCGAA AAAGCAG 
159 CGADG AG COGADGAGGCCGAAAGGCCGAA AGAAAGC 
162 Ouu ciiAP COGADGAGGCCGAAAGGCCGAA AGOAGAA 
165 AGAGOOC COGADGAGGCCGAAAGGCCGAA ADGAGOA 
171 ADCAGCA COGADGAGGCCGAAAGGCCGAA AGOOCGA 
179 CADDGGC COGADGAGGCCGAAAGGCCGAA ADCAGCA 
192 ADCCOCA COGADGAGGCCGAAAGGCCGAA AGOCOCA 

200 GAACAGG COGADGAGGCCGAAAGGCCGAA ADCCOCA 

201 GGAACAG COGADGAGGCCGAAAGGCCGAA AADCCOC 

206 GOACAGG COGADGAGGCCGAAAGGCCGAA ACAGGAA 

207 OGOAC AG COGADGAGGCCGAAAGGCCGAA AACAGGA 
212 UOOUADG COGADGAGGCCGAAAGGCCGAA ACAGGAA 
216 DGADOOU COGADGAGGCCGAAAGGCCGAA ADGUACA 
222 AGOOGGO COGADGAGGCCGAAAGGCCGAA ADOOOUA 
245 CCOGAAA COGADGAGGCCGAAAGGCCGAA ADOOCOU 
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247 UCCCUGA CUGADGAGGCCGAAAGGCCGAA AGAUUUC 

248 UDCCCUG OTGADGAGGCCGAAAGGCCGAA AAGADUU 

249 AUUCCCU OXSADGAGGCCGAAAGGCCGAA AAAGADU 
257 GUGUGCC CDGADGAGGCCGAAAGGCCGAA AUDCCCU 
273 ACAGUUU CUGADGAGGCCGAAAGGCCGAA ACOCUCC 
291 UCCACAG CTOADGAGGCGGAAAGGCCGAA ACCCCCU 
305 UUUUGAA CUGADGAGGCCGAAAGGCCGAA AGUCUUU 

307 GUUUUDG CUGADGAGGCCGAAAGGCCGAA AUAGUCU 

308 AGUUUUU CUGAUGAGGCCGAAAGGCCGAA AADAGUC 
316 UAAGGAC COGATOAGGCCGAAAGGCCGAA AGUUUUU 
319 UADUAAG CDGAOGAGGCCGAAAGGCCGAA ACAAGUU 

322 CUUUADU CDGAOGAGGCCGAAAGGCCGAA AGGACAA 

323 UCUUUAU OJGADGAGGCCGAAAGGCCGAA AAGGACA 
326 AUUUCUU QJGADGAGGCCGAAAGGCCGAA ADUAAGG 
334 GOCAADG CDGAOGAGGCCGAAAGGCCGAA AUOUCUU 
338 GGCCGOC CTOADGAGGCGGAAAGGCCGAA ADGOADU 
380 ADOGGOU COGATOAGGCCGAAAGGCCGAA ACOCOCC 

388 GOCOAGG CDGAOGAGGCCGAAAGGCCGAA ADUGGOU 

389 AGUCOAG COGATOAGGCCGAAAGGCCGAA AAUUGGU 
392 GGUAGOC CDGAOGAGGCCGAAAGGCCGAA AGGAADU 
397 UUGCAGG CDGAOGAGGCCGAAAGGCCGAA AGUCOAG 

409 ACCAAGA CDGAOGAGGCCGAAAGGCCGAA ACUCUOG. 

410 CACCAAG CDGAOGAGGCCGAAAGGCCGAA AACOCOU 

411 ACACCAA CDGAOGAGGCCGAAAGGCCGAA AAACOCU 
413 OOACACC CDGAOGAGGCCGAAAGGCCGAA AGAAACU 
419 OGOOCAO CDGAOGAGGCCGAAAGGCCGAA ACACCAA 
437 UUUCUAO CDGAOGAGGCCGAAAGGCCGAA AOCCACU 
440 AACDODC CDGAOGAGGCCGAAAGGCCGAA ADUADCC 
447 DAGOCOC CDGAOGAGGCCGAAAGGCCGAA ACUUUCU 
454 ACCAGOU CDGAOGAGGCCGAAAGGCCGAA AGDCOCA 

462 UGCAACA CDGAOGAGGCCGAAAGGCCGAA ACCAGDU 

463 COGCAAC CDGAOGAGGCCGAAAGGCCGAA AACCAGU 
466 • OGGCOGC COGATOAGGCCGAAAGGCCGAA ACAAACC 

479 CCOCCAA CDGAOGAGGCCGAAAGGCCGAA AOCOUOG 

480 DCCOCCA CDGAOGAGGCCGAAAGGCCGAA AAOCUDU 

481 CDCCDCC COGATOAGGCCGAAAGGCCGAA AAADCDU 

497 GCAGDAA CDGAOGAGGCCGAAAGGCCGAA ADGUCCD 

498 TOCAGDA CDGAOGAGGCCGAAAGGCCGAA AAUGUCC 

499 COGCAGU CDGAOGAGGCCGAAAGGCCGAA AAADGDC 

500 ACOGCAG COGATOAGGCCGAAAGGCCGAA AAAADGD 
531 AAGGCCO CDGAOGAGGCCGAAAGGCCGAA ACUCDDU 

538 GAAAADU CDGAOGAGGCCGAAAGGCCGAA AGGCCDG 

539 TOAAAA0 CTOAUGAGGCCGAAAGGCCGAA AAGGCCO 

542 UAODGAA CDGAOGAGGCCGAAAGGCCGAA ADUAAGG 

543 ADAOOGA CDGAOGAGGCCGAAAGGCCGAA AADUAAG 

544 DADAODG CTOADGAGGCGGAAAGGCCGAA AAAOUAA 

545 UUADADU CDGAOGAGGCCGAAAGGCCGAA AAAAUUA 
549 UAAAOUA COGATOAGGCCGAAAGGCCGAA AOUGAAA 
551 GDUAAAO CDGAOGAGGCCGAAAGGCCGAA ADAOUGA 
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554 GAAGDUA CDGADGAGGCCGAAAGGCCGAA ADUAUAU 

555 UGAAGOD CDGADGAGGCCGAAAGGCCGAA AADDADA 

556 COGAAGU CDGADGAGGCCGAAAGGCCGAA AAADUAU 

560 CCCDCDG CUGAUGAGGCCGAAAGGCCGAA AGDUAAA 

561 ucccoca cdgadgaggccgaaaggccgaa aagddaa 

573 AAAUADU CDGADGAGGCCGAAAGGCCGAA ACOODCC 

577 CCOGAAA CDGADGAGGCCGAAAGGCCGAA ADDUACU 

579 OGCCOGA CDGADGAGGCCGAAAGGCCGAA AUAUUDA 

580 ADGCCDG CDGADGAGGCCGAAAGGCCGAA AADADGU 

581 raPGCOI CDGADGAGGCCGAAAGGCCGAA AAAUADU 
588 GTCDCAG CDGADGAGGCCGAAAGGCCGAA ADGCCTC 
537 DCDGGCA COGAIX3AGGCCGAAAGGCCGAA AGDGOCA 
598 UDCDGGC CDGADGAGGCCGAAAGGCCGAA AAGDGUC 
611 AGAADDU CDGADGAGGCCGAAAGGCCGAA ADGCOGU 

616 UUUUAAG CDGADGAGGCCGAAAGGCCGAA ADDDDAD 

617 ADUUUAA CDGADGAGGCCGAAAGGCCGAA AADDDDA 

619 ADADUUU CDGADGAGGCCGAAAGGCCGAA AGAADDU 

620 UAUADUU CDGAIX2AGGCCGAAAGGCCGAA AAGAADU 
625 DGAAADA CDGADGAGGCCGAAAGGCCGAA ADDDDAA 
627 CCDGAAA CDGADGAGGCCGAAAGGCCGAA ADADDDD 

629 UADCOGA CDGADGAGGCCGAAAGGCCGAA AUAUADU 

630 ADADCOG CDGADGAGGCCGAAAGGCCGAA AADADAD 

631 GADADCD CDGADGAGGCCGAAAGGCCGAA AAADADA 
636 ADDCDGA CDGADGAGGCCGAAAGGCCGAA ADCDGAA 
638 DGAUDCD CDGADGAGGCCGAAAGGCCGAA ADADCOG 
644 CUDCAAD CDGAOSAGGCCGAAAGGCCGAA ADDCDGA 
647 ADACDDC CDGADGAGGCCGAAAGGCCGAA ADGADDC 
653 AGGAAAA CDGADGAGGCCGAAAGGCCGAA ACDDCAA 

655 GGAGGAA CDGADGAGGCCGAAAGGCCGAA ADACDDC 

656 DGGAGGA CDGADGAGGCCGAAAGGCCGAA AADACDU 

657 CDGGAGG CDGADGAGGCCGAAAGGCCGAA AAADACO 

658 CCDGGAG CDGADGAGGCCGAAAGGCCGAA AAAADAC 
661 UDGCCDG CTCADGAGGCCGAAAGGCCGAA AGGAAAA 
672 GUADADC CDGADGAGGCCGAAAGGCCGAA ADDDDGC 
676 AAAAGUA CDGADGAGGCCGAAAGGCCGAA ADCAADU 
678 AAAAAAG CDGADGAGGCCGAAAGGCCGAA ADADCAA 

681 AAGAAAA CDGADGAGGCCGAAAGGCCGAA AGUADAD 

682 UAAGAAA CDGADGAGGCCGAAAGGCCGAA AAGUADA 

683 ADAAGAA CDGADGAGGCCGAAAGGCCGAA AAAGDAD 

684 AADAAGA CDGADGAGGCCGAAAGGCCGAA AAAAGUA 

685 AAADAAG CDGADGAGGCCGAAAGGCCGAA AAAAAGU 

686 UAAADAA CDGAOSAGGCCGAAAGGCCGAA AAAAAAG 

688 GUDAAAD CDGADGAGGCCGAAAGGCCGAA AGAAAAA 

689 AGDUAAA CDGADGAGGCCGAAAGGCCGAA AAGAAAA 

691 UAAGUUA CDGADGAGGCCGAAAGGCCGAA ADAAGAA 

692 UUAAGUU OJGADGAGGCCGAAAGGCCGAA AADAAGA 

693 GOUAAGD CDGADGAGGCCGAAAGGCCGAA AAADAAG 

697 GAADGOD CDGADGAGGCCGAAAGGCCGAA AGDUAAA 

698 AGAADGD C0GAB3AGGCCGAAAGGCCGAA AAGDUAA 
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DOOACAG CUGADGAGGCCGAAAGGCCGAA ADGUUAA 
UDDDACA COGADGAOXCGAAAGGCCGAA AADGDOA 
GACADDD CDGADGAGGCCGAAAGGCCGAA ACAGAAD 
GDDAACA COGATCAiGGCCGAAAGGCCGAA ACADUOU 
UUAAGUU CDGADGAGGCCX3AAAGGCCGAA ACAGACA 
ADDAAGD CDGADGAGGCCGAAAGGCCGAA AACAGAC 
UACOADU CUGATCAGGCCGAAAGGOCGAA AGOOAAC 
ADACDAD CDGADGAGGCCGAAAGGCCGAA AAGODAA 
OAAAOAC CUGATOAGGCCGAAAGGCCGAA ADDAAGD 
OCADAAA CXGADGAGGCCGAAAGGCCGAA ACDADUA 
CODCADA CUGADGAGGCCGAAAGGCCGAA ADACDAD 
ATOTCMT CDGADGAGGCCGAAAGGCCGAA AADACUA 
C^TO CDGAIX2AGGCCGAAAGGOCGAA AAADACD 
AAPUCOO CDGADGAGGCCGAAAGGCCGAA ACCADDD 
AAADDCD CDGAIXEVGGCCGAAAGGCCGAA AACCADD 
TOOACCA CDGADGAGGCCGAAAGGCCGAA ADDCUUA 
ADDOACC CUGADGAGGCCGAAAGGCCGAA AADDCDU 
ACDAADU CDGA03AGGCCGAAAGGCCGAA ACCAAAD 
AAADACD CUGADGAGGCCGAAAGGCCGAA ADUDACC 
OAAADAC C0GAB3AGGCCGAAAGGC0GAA AAOUDAC 
AAADAAA CDGADGAGGCCGAAAGGCCGAA ACOAADU 
TOAAADA CCGADGAGGCCGAAAGGCCGAA ADACDAA 
AUDAAAD CDGAIX3AGGCCGAAAGGCCGAA AADACDA 
CADDAAA CDGADGAGGCCGAAAGGCCGAA AAADAOJ 
AACADDA CUGADGAGGCCGAAAGGCCGAA ADAAADA 
OAACADD CDGADGAGGCCGAAAGGCCGAA AADAAAD 
ADAACAD CDGADGAGGCCGAAAGGCCGAA AAADAAA 
ACAACAD CDGADGAGGCCGAAAGGCCGAA ACADDAA 
CACAACA CDGADGAGGCCGAAAGGCCGAA AACADDA 
AGAACAC CDGADGAGGCCGAAAGGCCGAA ACADAAC 
DDADUAG CDGADGAGGCCGAAAGGCCGAA ACACAAC 
^QADO A CDGADGAGGCCGAAAGGCCGAA AACACAA 
^UUUAD OX3ADGAGGCCGAAAGGCCGAA AGAACAC 
uuuwuu CDGADGAGGCCGAAAGGCCGAA ADDAGAA 
AGDDGUC CDGADGAGGCCGAAAGGCCGAA ADDDODG 
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Table 13: Mouse 11^5 HH Ribozyme Target Sequence 



nt. 


EH Target Sequence 


nt. 


Position 




Position 


Q 
O 


cGCuCOu c Cuumjv^i 


253 


XJ. 


uCUUcCU U UGCugAA 


259 


1 o 


CUUcCDU U GCugAAG 


269 


36 


GAAgacU U CAGAGuC 


269 


36 


GaAgAcU u cAgAGUc 


269 


37 


AAgaqOU C AGAGuCA 


287 


%3 


UcaGaGO c ADGAgaA 


301 


CO 

58 


GGADGOT XJ CDGCAcU 


301 


59 


GADGCTO C UGCAcUU 


303 


59 


gADGcUU c uGcAcGU 


303 


66 


COGCAcU U GAGOgUu 


304 


82 


UgAcucU c aGcDGUG 


315 


91 


GcOgTCa c uggGCCA . 


318 


112 


ugGAgAU TJ GCCAugA 


319 


113 


gGAgADU C CCAugAG 


322 


141 


GAGACCU U GaCACaG 


330 


141 


GAgACca U GaCAcAg 


334 


158 


gCCcgCa C AcCGAgC 


334 


167 


cCGAgCU C DGuDGAc 


384 


196 


OGAGGcU U CCDGUcC 


385 


197 


GAGGcOU C COGOcCC 


393 


197 


gAGGCuU c COGuCcC 


405 


202 


UUCOJGU c CCDacuC 


406 


202 


UUCCCGU c CcUAcuc 


409 


206 


UGOCccU a cuCaUAA 


481 


212 


UACUCAD a aAAaUCa 


482 


212 


UacuCAU A AAAADCA 


483 


218 


UaaAaaU c aCcAGCU 


483 


218 


UAAAAAU C AOCAgCU 


495 


218 


uAAAAAD c acCAgCXF 


553 


232 


uaUGCAU U GGaGAAA 


557 


241 


gAGAAAU C UUUCAGG 


564 


241 


gAgAaMJ c UUucAGG 


564 


241 


gagAAAU c UUUCAGG 


565 


241 


gAgAaAU c UUUCAGg 


565 


243 


gaAAucU U UCAGgGg 


569 


243 


GAAADCU U DCAGGGg 


569 


244 


AAAUCUU U CAGGGgc 


613 


245 


AAUCUUU C AGGGgcU 


614 



HH Target Sequence 

AGGGgcU A GaCAuAC 
UagACAO a CUGaAgA 
GaAGAaU C AAACUGO 
GaAGAaU c AAaCugU 
GAAgaAH c aAAcDgU 
uGGGGGa A CCGDGGA 
AAAugCU A UUCcAAA 
AAAugCU a uOCCaaA 
AUGCuAU u CCaAaAc 
AugCUAU XJ CcAAAAC 
ugCUADU C cAAAACc 
AACcDGO C aUUAADA 
cUGUCaU U AADAAAG 
CGCCaUU A AUAAAGA 
CaUUAAU A AAGAAAU 
AAGAAAU A CAUCGAC 
AAUACAU V GACcGCC 
AADaCaU u GACcgCC 
AggCAgU U CCOgGAu 
ggCAgUU C CUgGAliU 
CUgGAnU A CCDGCAA 
CAAGAGU U cCUUGGU 
AAGAGUU c CUUGGUG 
AGUUcCU U GGUGUgA 
UcaCAAU u UAAgUOA 
cAcAADU U AAgUUaA 
AcAAUUU A AgUUaAa 
AcAADuU a aGUUAAa 
AAAUUgU c AAcAgAU 
GCDGuuU c CaDuUAU 
U 



UuUcCAU 
UUauAnU 
UUAuaUU 
uaUAUUU 
UAUAuUU 
UUuADGU 



UauaOUU 
aUgUCCU 
AugUcCU 
ugUCCuG 
UgUCcUg 
cDGUaGU 



uUUADGU c cUGUagU 
AAAGuGU u uaaCCUU 
AAgUGuU u aACcUUU 
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620 


UUAACcD u uOuGOAU 


1407 


793 


caAGgCU u UGuGcAU 


1407 


816 


CUGagUU a UACOCcc 


1410 


818 


GAguUAU a cDCCcuC 


1434 


825 


ACUcCcU c CccCUCA 


1434 


825 


aCUccCU c CcCcOCa 


1434 


839 


AnCcucU U cGUUGCA 


1435 


840 


uCcucOU c GUUGCAu 


1435 


863 


cAAgOAIJ U cCAGGCu 


1438 


864 


AAgOADU c CAGGCug 


1438 


864 


AAGOADU c caggCug 


1439 


913 


gAaCUCU U GGucCaG 


1443 


917 


UcCuggU c CAGAuGG 


1447 


957 


UUagcAD c CUUDcUc 


1458 


960 


GCAuccU u UcUcCuA 


1458 


960 


GcaUcCU u uCUCcOa 


1460 


962 


ADcCunU c UCcUaGC 


1461 


975 


gcccCUU u AgADAgA 


1463 


987 


aGaOGAU A cuuAADG 


1475 


990 


UGAuACU u AAugacU 


1479 


1000 


UGACuCU c UugCuGA 


1483 


1027 


CgggGCQ U cCOgCDC 


1483 


1034 


UCCUGcU C CUaOcuA 


1484 


1037 


OgcDCcD A UcUAACU * 


1487 


1039 


cUccuAU c UAACUDC 


1487 


1039 


cUCcDAU c UAACOUc 


1489 


1041 


CcOAUcU A ACUUcAa 


1489 


1051 


UUcAAuU U AAuAccC 


1489 


1148 


uGAcUUU u cUuaUGU 


1490 


1213 


GCUgGaU u DOGGAaa 


1490 


1213 


gcOGGAU u uDgGAAA 


1490 


1214 


cugGADU U UGGAaaA 


1491 


1215 


ugGADUU U GGAaaAG 


1491 


1234 


gGGACAU c UccuDGC 


1491 


1236 


GACAUcU c cuDGCAG 


1491 


1275 


ugGGCCU U AcUUcUC 


14S4 


1276 


gGGCCDO A cDOcOCc 


1502 


1280 


CUUAcTO c UCcgOgO 


1502 


1298 


OgAACUU a AGAaGcA 


1507 


1310 


gcAAAGU a aAuACcA 


1509 


1310 


GCAAAgU a aADAcca 


1509 


1310 


GcaAAgU a AAUAccA 


1510 


1350 


AAAGCAD A AAAUggU 


1510 


1358 


AAADGGU U ggGAugO 


1510 


1370 


UgUuaUU C AGgQADC 


151Q 


1375 


OUCAGgU A UCAGggU 


1512 


1377 


CAGgUAU C AGggOCA 


1515 


1383 


UCAGggtJ C AcUGgAG 




1405 


cccCAgU U UACUcCA 





cCAgUUU A 
ccAgOUU a 
gOUUaCU C 
AUgCUUU a 
aUgcUuU XJ 
aUgcuUU u 
UgCUUUU a 
ugcOUUO a 
GuUOAUU tJ 
uUUUADU XJ 
UUUAUUU A 
UUOaAuCJ c 
ADUCOGU A 
ugUUcaU a 
ugOOcAU A 
DucADAU u 
UcAUAuU A 
AnAuDAU U 
AuGgAOT c 
ADUcaGU A 
aGuAAGU u 
aGDAAgU XJ 
GUAAgOU A 
agOOAAU a 
AgOUAatJ A 
UQAAUatJ U 
CQAAuAD u 
UUAaUAU U 
UAADaUD u 
UAaUADU XJ 
UAaUAXHJ U 
AAUADUU a 
AAOADuU a 
AaUADUU A 
AaUADOU A 
AUuUAUU a 
cAOGUaU A 
cAcgUAU a 
ADAHAatJ a 
AUAAuAU U 
aaaaUaU U 
UAAuAUU C 
UAAuADU C 
UXAuAuU c 
UaaUaUU C 
aUaUUCU A 
UUCUAAU A 



CUcCAGg 
CUCCAGG 
CAGGaAA 
aUuUaAU 
AUUUAAu 
AuUUAAU 
UuUaAUU 
uDUAaUU 
AAuDcug 
AADucUg 
ADucOga 
UGuaAGa 
AgADGOu 
UUADUDA 
uUAUUUA 
AUUuAug 
UUUAOGA 
UADGAug 
aGDAAgU 
AgCUAaU 
AADADDU 
AaDADDU 
aUADUOA 
DUuAuDA 
UUUADUa 
uAuOAcA 
UAUUaCA 
UAUUacA 
AnUAcAc 
AUuAcAc 
ADUacAc 
uuaCAcg 
UuAcAcg 
UuAcAcG 
UUacAcG 
CAcgOAU 
UaauADu 
UAAUaUU 
UUcUaaU 
CUaAuAA 
CUAADAA 
UaAuAAa 
UaauAAA 
UaaUAAA 
UAAUAAA 
AUAAAgC 
AAgCAgA 
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Table 17 

Mouse ret A HH Target sequence 

nt. Position HH Target Sequence nt Position HH Target Sequence 



is 

22 
26 
93 
94 
100 
. 103 
105 
106 
129 
138 
148 
151 
180 
181 
186 
204 
217 
239 
262 
268 
276 
301 
303 
310 
323 
326 
335 
349 
352 
375 
376 
378 
391 
409 
416 
417 
418 
433 
795 
796 
797 
798 
829 



AAUGGCU 
aGCUCcU 
CcUCcaU 
GAuCUGU 
AuCUGUU 
UuCCCCU 
CCCUCAU 
CUCAUCU 
UCADCUU 
CAGGCuU 
GGgCCuU 
UGGAGAU 
AGAUCAU 
ATOCGaU 
OGOGaUO 
UUCCGCU 
GGGCGCU 
GCAGuAU 
CACAGAU 
CCACCAU 
UCAAGAU 
AAUGGCU 
UuCGaAU 
CGaADCU 
CCCUGGU 
GGcCCCU 
uCCaCCU 
CCGGCCU 
AuGAaCU 
AGaUcaU 
GADGGCU 
AUGGucU 
GGCUaCU 
CUGAcCU 
GCaGuAU 
CCgCAGU 
CAuAGcU 
AuAGcUU 
UGGGgAU 
GGCUCCU 
GCUCCUU 
CUCCUUU 
UCCUOUU 
UGGCCAU 



a caCaGgA 
a cGUgGUG 
u GcGgACa 
U uCCCCUC 
u CCCCUCA 
C AUCUUuC 
C UUuCCcu 
U uCCcuCA 
u CCcuCAG 
C UGGgCCu 
A UGOGGAG 
C AUcGAaC 
GAaCAGC 
CCGCUAu 
CGCUAuA 
uAAaUGC 
aGCGGGC 
CCuGGCG 
CCACCAA 
AAGAUCA 
AAUGGCU 
CACAGGA 
UCCCUGG 
CCUGGUC 
ACCAAGG 
CUCcuga 
ACCGGCC 
AuCCaCA 
U GUgGGgA 
c GaAcAGc 
a CUAUGAG 
C UccGgaG 
A UGAGGCU 
C UGCCCaG 
CAuAGcU 
UCCAuAg 
CCAGAAC 
CAGAACC 
CAGUGUG 
UUCuCAA 
U UCUCAAG 
V CuCAAGC 
C uCAAGCU 
U GUGUUCC 



c 
U 
C 
A 
C 
u 
A 
C 
C 
A 
C 

c 
c 
c 
c 
c 



c 

a 

u 
c 
c 
u 



467 
469 
473 
481 
501 
502 
508 
509 
512 
514 
534 
556 
561 
562 
585 
598 
613 
616 
617 
620 
623 
628 
630 
631 
638 
661 
657 
687 
700 
715 
717 
718 
721 
751 
759 
761 
762 
763 
792 
1167 
1168 
1169 
1182 
1183 



cCAGGOJ c 
AaGCcAU u 
UuUgAGU C 
AGCGaAU C 
AACCCCU U 
ACCCCUU u 
UuCAcGU U 
uCAcGUU C 
cGUUCCU A 



UUCCUAU A 
^GGGACU A 
UGCGcCU C 
CUCUGCU U 
UC IK jC UU c 
aAgCCAU u 
GGCCCCU C 
CcCCUGU C 
CUGUCCU c 

gucccuu c 

CCUUCCU c 
UCCUgcU u 
AUCCgAU u 
CCgAUuU JJ 
CgAUuUU U 
UGgCcAU u 
CCGAGCU C 
UCAAGAU C 
CGgAACU C 
GCUGCCU C 
AUGAGAU C 
GAGADOT U 
AGAUCUU C 
UucUCCU c 
AaGACAU U 
GAGGUGU A 
GGUGUAU U 
GUGOAUU U 
UGUAUUU C 
CGAGGCU C 
GAUGAGU U 
AUGAGUU U 
UGAGUUU u 
AUGcUGU U 
UGcUGUU a 



cuguUCg 
AGcCAGC 
AGauCAg 
CAGACCA 
UCAcGUU 
CAcGUUC 
CCUAUAG 
CUAUAGA 
UAGAgGA 
GAgGAGC 
uGAOlUG 
UGCUUCC 
CCAGGUG 
CAGGUGA 
AGcCAGc 
CuOCUGa 
CUcuCaC 
uCaCADC 
CUCAgCC 
AgCCaug 
CCAUCUc 
UUUGAuA 
CGAuAAc 
GAuAAcC 
GUGuuCC 
AAGAUCU 
CGCCGAG 
UGGgAGC 
GGUGGGG 
UUCuUgC 
CuUgCUG 
uUgCUGU 
CauUGcG 
GAGGUGU 
UUUCACG 
UCACGGG 
CAOGGGA 
ACGGGAC 
CUUUUCU 
UuCCcCC 
uCCcCCA 
CCcCCAU 
aCCaUCa 
CCaUCaG 
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834 AUOGUGU 0 CCGGACu U84 

835 UUGOGU0 C CGGACuC U87 
845 GACuCCO C CgUAOGC U88 
849 CCUCCgU A CGCcGAC 1198 
872 cCAGGCU C CUGUuCG 1209 
883 UuCGaGU C OCCAUGC 1215 
885 CGaGOCU C CADGCAG 1229 

905 GCGGCCO U CuGAuCG 1237 

906 CGGCCUU C uGAuCGc 1250 
919 GcGAGCU C AGOGAGC 1268 

936 ADGGAgU U CCAGUAC 1279 

937 UGGAgUU C CAGUACu 1281 
542 UUCCAGU A CuOGCCA 1286 
353 GCCucAU c CAcAuGA 1309 
962 AGAuGAU C GcCACCG 1315 
965 CagUacU u gCCaGAc 13 is 
973 ACCGGAU U GAaGAGA 1331 
986 GAgACcU u cAAGagu 1334 
996 AGGACcU A UGAGACC 1389 

1005 GAGACCU U CAAGAGu 1413 

1006 AGACCOU C AAGAGuA 1414 
1015 AGAGuAU C ADGAAGA 1437 
1028 GAAGAGU C CUUUCAa 1441 

1031 GAGUCCD U DCAauGG 1467 

1032 AG0CC0U U CAauGGA 1468 

1033 GUCCUUU C AauGGAC 1482 
1058 CCGGCC0 C CAaCcCG i486 
1064 UaCACCQ u GAucCAa 1494 
1072 GgCGuACJ 0 GCOGUGC 1500 

1082 0GUGCC0 a COOGaAa 1501 

1083 aaGCCUU C CCGaAGu 1502 
1092 OGaAaOJ C AaCTOCU 1525 

1097 COCAaCU U C0G0COC 1566 

1098 DCAaCOa C UGCCCCC 1577 
1102 CUUCUGU C COCAAGC 1579 
1125 CAGCCCU A caCCODc 1583 
1127 GCCaUAU a gCcOOAC 1588 
U31 cADCCCU c agCacCA 1622 

1132 AcaCCDU c cCagCAU 1628 

1133 UCCaOc0 c CagCuUC 1648 
1137 UUUACU0 u AgCgCgc 1660 
1140 cCagCAU C CCUcAGC 1663 
1153 GCACCAD C AACOuOG 1664 
1158 ADCAACU u UGADGAG 1665 

1680 GAAGACCJ U CD C CUCC 

1681 AAGACUU C DCCOCCA 
1683 GACUOCU C CDCCADU 
1686 DUCDCCU C CA30DGCG 
1690 CCUCCAU 0 GOGGACA 



GGccccU C 
GUccCuU c 
OUaCCaU C 
GGgAGuU u 
CAGcCCU 
CUGGCCU 
GGuCCCU 
CCCAgcQ 
CCAGcCU 
CCCaGCU 
CCADGGU c 
gOGGgcU C 
ADgAGuU u 
CuCCUGU u 
cCCCAGD u 
CAGOUCU A 

gGGucca 
cuuouca 

ACGCDGU 
COGCAGU 
UGCAGUU 
GGGGCCD 
CCUUGCU 
GgaGUGU 
gaGUGDU C 
CDGGCAD C 
CuUCgGU a 
GACAACU C 
UCaGAGU 0 
CaGAGOU 0 
aGAGUUU C 
gGuGCAU c 
ADGGAG0 A 
0GAaGC0 A 
AaGCOAU A 
UAOAACU C 
CUCUCC0 A 
CCCAGCU C 
UCCOGCU u 
CGGGGCU u 
cOGaCCU C 
cuCUgCU U 
uCDgCUU c 
CUCgcUU u 



C 
C 
C 
U 
0 
0 
0 

u 



CUcCUGa 
CUcaGCc 
aGGGCAG 
AGuCuGa 
caCCUUc 
aGCaCCG 
CCucAGc 
CUGCCCC 
CAGgCuC 
CuGCCcc 
cCuuCcu 
AGCUgcG 
UccCCCA 
CgAGUCu 
CUAaCCC 
aCCCCgG 
CcCAGuC 
AaGCDGa 
gGAaGCC 
DGADGcU 
GADGcUG 
GCOUGGC 
GGCAACA 
CACAGAC 
ACAGACC 
uGUgGAC 
GggAACU 
aGAGOUU 
UCAGCAG 
CAGCAGC 
AGCAGCU 
CCDGOGu 
CCCOGAa 
OAACOCG 
ACDCGCC 
GCCU&GU 
GaGAggG 
CUGCcCC 
CggUaGG 
CCCAADG 
ugccCAG 
cCAGGuG 
CAGGuGA 
cGGAGgU 
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1704 


AUGGACU U CUCuGCu 


1705 


UGGACOU C UCuGCuC 


1707 


GACUOCU C uGCuCDu 


1721 


UuUGAGU C AGADCAG 


1726 


GUCAGAU C AGCtJCCU 


1731 


AUCAGCU C COAAGGu 


1734 


AGCUCCD A AGGuGcU 


1754 


CaGugCU C CCaAGAG 
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Table 18 

Human rel A HH Target Sequences 

nt. Position HH Target Sequence nt. Position 



19 


AAUGGCU C GUCUGUA 


467 


22 


GGCOCGU C OGUAGUG 


469 


26 


CGUCDGD A GOGCACG 


473 


93 


GAACUGa O CCCCCDC 


481 


94 


AACOGCO C CCCCOCA 


501 


100 


DCCCCOJ C ADCOOCC 


502 


103 


CCCOCAO C UUCCCGG 


508 


105 


CUCAUCU O CCCGGCA 


509 


106 


UCAUCUO C CCGGCAG 


512 


129 


CAGGCCTJ C UGGCCCC 


514 


13 o 


(j&jujuJ A OGUGGAG 


534 




uGGAGAU c auugagc 


S56 




AGAUCAU U GAGCAGC 


561 


i fin 


AuGOlt^U J CCGCUAC 


562 


181 


Uvjdj^u C OGCOaCA 


585 


186 


OUCOGCU A CAAGOGC 


598 


204 


GGGCGCa C CGOGGGC 


613 


217 


GCAGCAO C CCAGGCG 


616 


239 


CACAGAU A CCACCAA 


617 


262 


CCACCAU C AAGADCA 


• 620 


268 


UCAAGAO C AADQGCO 


623 


276 


AAOGGCO A CACAGGA 


628 


301 


OGCGCAO C OCCCOGG 


630 


303 


CGCADCO, C CCOGGOC 


631 


310 


CCCOGGO C ACCAAGG 


638 


323 


GGACCCU C COCACCG 


661 


326 


CCCOCCO C ACCGGCC 


667 


335 


CCGGCCQ C ACCCCCA 


687 


349 


ACGAGCU U GOAGGAA 


700 


352 


AGCUUGU A GGAAAGG 


715 


375 


GAOGGCO U COAUGAG 


717 


376 


ADGGCOa C UADGAGG 


718 


378 


GGCOOCO A OGAGGCO 


721 


391 


CCGAGCO C OGCCCGG 


751 


409 


GCOGCAU C CACAGUU 


759 


416 


CCACAGO O OCCAGAA 


761 


417 


CACAGUU U CCAGAAC 


762 


418 


ACAGOOO C CAGAACC 


763 


433 


OGGGAAO C CAGOGOG 


792 


795 


GGCOCCU U UUOGCAA 


1167 


796 


GCUCCUU U UCGCAAG 


1168 


797 


CUCCUUU O CGCAAGC 


1169 


798 


UCCOUDU C GCAAGCU 


1182 


829 


UGGCCAU U GUGUDCC 


1183 


834 


ADUGUGU U CCGGACC 


1184 



HH Target Sequence 

GCAGGCO A UCAGUCA 
AGGCOAO C AGUCAGC 
GADCAGU C AGCGCAU 
AGCGCAU C CAGACCA 
AACCCCU Q CCAAGUU 
ACCCCJU C CAAGOGC 

cccaagu u ocosvnAG 

CCAAGCO C COADAGA 
Auoulvj A UAGAAGA 
UUCCOAU A GAAGAGC . 
GGGGACU A CGACCOG 
TCCGGCU C OGCUOCC 

caccGccr u ccaggug 

PCUGLUU C CAGGUGA 
GACCCAU C AGGCAGG 
GGCCCCO C CGCCOGC 
CGCCCGU C COOCCCC 
CUGDCCU 0 CCOCADC 
DG0CCCD C COCADCC 
CCOUCCU C ADCCCAU 
CCCOCAU C CCADCOU 
ACCCCAU C OOOGACA 
CCCADCO O OGACAAO 
CCAOCOU U GACAADC 
OGACAAO C GOGCCCC 
CCGAGCO C AAGADCO 
tJCAAGAO C OGCCGAG 
CGAAACO C CGGCAGC 
GCOGCCO C GGOGGGG 
ADGAGAO C OOCCOAC 
GAGAUCU U CCOACUG 
AGADCUU C COACOGO 
OCOUCCO A COGOGUG 
AGGACAO U GAGGOGO 
GAGGOGO A UOOCACG 
GGOGUAU O UCAOGGG 
GOGO APO U CAOGGGA 
EGOAUOO C ACGGGAC 
CGAGGCO C CUOOOCG 
GADGAGU O CCCCACC 
AOGAGUO O CCCACCA 
CGAGOOO C CCACCAO 
AUGGOGO O UCCOUCU 
OGGTCOU U CCOOCOG 
GGOGUUU C CUUCUGG 
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Q7 Q 


UUbUWJU C OGGACCC 


1187 




^^"v'l i /■* r+r*r t i\ /"V"**** 


1188 




/vrirnTr a nvir^r 


1138 






1209 




UCjCAiUCiU C UCCAUGC 


1215 


QQC 


CoUGUCU C CADGCAG 


1229 


one; 


GCGGCCu U CCGACCG 


1237 




UjvjCUUU C CGAOOGG 


1250 


Q1Q 


GGvzAGCu C AGOGAGC 


1268 




AuGGAAU U CCAGUAC 


1279 


077 


FTf"*/"* % f if I ^■H'm _n_-_ 

UGGAADU C CAGUACC 


1281 




UUCCAGU A LuuGCCA 


1286 




GCUAGAU a cagacga 


1309 


Qfi7 


iwAUaAU V- GUCAGCG 


1315 




UVjAUUvjU U ACvjGGAJU 


1318 


Q77 


ALa_Ij<jAU u gaggaga 


1331 


JOy 


GAAACGU A AAAGGAC 


1334 




AGGACAU A USAGACC 


1389 


1UUD 


GAGACCU U CAAGAGC 


1413 


1006 


AGACCUU C AAGAGCA 


1414 


1015 


AGAGCAU C ADGAAGA 


1437 


1028 


GAAGAGU C CUUUCAG 


1441 


1031 


GAGOCCU U UCAGCGG 


1467 


1032 


AGUCCUu U CAGCGGA 


1468 


1033 


GUCCUUU C AGCGGAC 


1482 


i nco 
IUdo 


CCGGCCU C CAOCDGG 


1486 


luo4 


UCCACCU C GACGCAU 


1494 


1U /z 


GACGCAU D GCUGUGC 


1500 


T rtQI 


UGOGCCU U CCCGCAG 


1501 


1 flQ'5 

lUoJ 


gugUoju C CCGCAGC 


1502 




CGCAGCD C AGCUUCU 


1525 




CUCAGCU U CUGUULXJ 


1566 




UCAGCUU C UGOCCCC 


1577 




CUUUXiU C CCCAAGC 


1579 




CAGCuCU A UCujuuu 


1583 


T 1 97 


GCCCUAU C CutjuuaC 


1588 




uaDCCCU u uaogoca 


1622 




AUCCUJu U ACGUCAU 


1628 


1 1 77 


UCCCDUU A CGUCADC 


1648 


1 1 77 

113 / 


UUUACGQ C ADCCCUG 


1660 


114U 


ACGUCAU C CCCGAGC 


1663 


1 1 ^7 


GCACCAU C AAC0ADG 


1664 


1158 


ADCAACU A UGADGAG 


1665 


1680 


GAAGACU U COOCOOC 




1681 


AAGACUU C UCCXJCCA 




1683 


GACUUCU C COCCADU 




1686 


UOCUCCU C CAD0GCG 




1690 


CCOCCAU U GCGGACA 




1704 


ADGGACU U CDCAGCC 





GOUDCCU U CUGGGCA 
OUUCCUU C DGGGCAG 
GGCAGAD C AGCCAGG 
CAGGCCU C GGCCUUG 
OCGGCCU U GGCCCCG 
GGCCCCU C CCCAAGU 
CCCAAGU C CUGCCCC 
CCAGGCa C CAGCCCC 
CCCOGCT C CAGCCAU 
CCADGGU A UCAGCUC 
ATOGUA0 C AGC0CCG 
ADCAGCU C DGGCCCA 
CCCCOGU C CCAGOCC 
TCCCAGa C CUAGCCC 
CAGOCCU A GCCCCAG 
AGGCCCU C C0CAGGC 
CCCDCCU C AGGCUGU 
ACGC0GO C AGAGGCC 
CDGCAGa U DGADGAU 
OGCAGDa U GADGADG 
GGGGCCU U GCUUGGC 
CCDDGCU U GGCAACA 
GOJGUGU U CACAGAC 
COGOGUU C ACAGACC 
CUGGCA0 C CGUCGAC 
CADCCGU C GACAAOJ 
.GACAACa C CGAGUUQ 
UCCGAGU U UCAGCAG 
CCGAGUU 0 CAGCAGC 
CGAGUOU C AGCAGCU 
AGGGCAU A OC0G0GG 
ADGGAGU A CCCOGAG 
OGAGGCU A UAACDCG 
AGGCUAU A ACOCGCC 
HADAACU C GCCUAGU 
CDCGCCU A G0GACAG 
CCCAGCU C CTOCDCC 
UCCDGCU C CACOGGG 
CGGGGOJ C CCCAADG 
ADGGCCU C COUUCAG 
GCCTCC0 U OCAGGAG 
CCUCCUU U CAGGAGA 
CUCCOUU C AGGAGAU 
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UGGACUU C tJCAGCCC 


1707 


GACDUCU C AGCCCUG 


1721 


GCDGAGU C AGAUCAG 


1726 


GUCAGAU C AGCOCCU 


1731 


AUCAGOJ C CUAAGGG 


1734 


AGCUCCU A AGGGGGU 


1754 


CDGCCCQ C CCCAGAG 
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Table 19 

Mouse relA HH flibozyme Sequences 

nt HH Ribozyme Sequence 

Sequence 



IS UCCOGOG COGADGAGGCCGAAAGGCCGAA AGCCADU 

• 22 CACCACG COGADGAGGCCGAAAGGCCGAA AGGAGCU 

26 OGOCCGC COGADGAGGCCGAAAGGCCGAA ADGGAGG 

93 GAGGGGA CDGADGAGGCCGAAAGGCCGAA ACAGAUC 

94 UGAGGGG COGADGAGGCCGAAAGGCCGAA AACAGAU 
100 GAAAGAU COGADGAGGCCGAAAGGCCGAA AGGGGAA 
103 AGGGAAA COGADGAGGCCGAAAGGCCGAA ADGAGGG 

105 OGAGGGA COGADGAGGCCGAAAGGCCGAA AGADGAG 

106 COGAGGG COGADGAGGCCGAAAGGCCGAA AAGADGA 
129 AGGCOCA COGADGAGGCCGAAAGGCCGAA AAGCCOG 
138 OTCCACA COGADGAGGCCGAAAGGCCGAA AAGGCCC 
148 GUUOUAD COGADGAGGCCGAAAGGCCGAA ADCOCCA 
151 GCOGOOC COGADGAGGCCGAAAGGCCGAA ADGADCU 

180 ADAGCGG COGADGAGGCCGAAAGGCCGAA ADCGCAD 

181 UADAGCG COGADGAGGCCGAAAGGCCGAA AADCGCA 
186 GCADDOA COGADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCO COGADGAGGCCGAAAGGCCGAA. AGCGCCC 
217 CGCCAGG COGADGAGGCCGAAAGGCCGAA ADACOGC 
239 OOGGDGG COGADGAGGCCGAAAGGCCGAA A DCOGUG 
262 OGADCOD COGADGAGGCCGAAAGGCCGAA ADGGOGG 
268 AGCCADD COGADGAGGCCGAAAGGCCGAA ADCOOGA 
276 OCCOGOG COGADGAGGCCGAAAGGCCGAA AGCCADD 
301 CCAGGGA COGADGAGGCCGAAAGGCCGAA ADOCGAA 
303 GACCAGG COGADGAGGCCGAAAGGCCGAA AGADOCG 
310 CCODGGO COGADGAGGCCGAAAGGCCGAA ACCAGGG 
323 UCAGGAG COGADGAGGCCGAAAGGCCGAA AGGGGCC 
326 GGCCGGO COGADGAGGCCGAAAGGCCGAA AGGOGGA 
335 OGOGGAD QJGADGAGGCCGAAAGGCCGAA AGGCCGG 
349 OCCCCAC CDGADGAGGOCGAAAGGCCGAA AGOOCAD 
352 GCOGOOC COGADGAGGCCGAAAGGCCGAA ADGADCU • 

375 COCADAG COGADGAGGCCGAAAGGCCGAA AGCCADC 

376 COCCGGA COGADGAGGCCGAAAGGCCGAA AGACCAD 
378 AGCCOCA COGADGAGGCCGAAAGGCCGAA AGDAGCC 
391 COGGGCA COGADGAGGCCGAAAGGCCGAA AGGOCAG 
409 AGCDADG COGADGAGGCCGAAAGGCCGAA ADACOGC 

416 COADGGA COGADGAGGCCGAAAGGCCGAA ACOGCGG 

417 GOOCOGG COGADGAGGCCGAAAGGCCGAA AGCDADG 

418 GGOOCOG COGADGAGGCCGAAAGGCCGAA AAGCUAD 
433 CACACOG COGADGAGGCCGAAAGGCCGAA ADCCCCA 
467 CGAACAG COGADGAGGCCGAAAGGCCGAA AGCCOGG 
469 GCOGGOJ COGADGAGGCCGAAAGGCCGAA ADGGCOU 
473 COGADCO COGADGAGGCCGAAAGGCCGAA ACOCAAA 
481 TOGOCOG COGADGAGGCCGAAAGGCCGAA ADUCGCO 
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501 AACGOGA CUGADGAGGCCGAAAGGCCGAA AGGGGUU 

502 GAACGUG CDGADGAGGCCGAAAGGCCGAA AAGGGGU 

508 CUADAGG CDGADGAGGCCGAAAGGCOGAA ACGOGAA 

509 OCDAUAG COGAIKaAGGCCGAAAGGCCGAA AACGOGA 
512 OCCOCDA CDGADGAGGCCGAAAGGCCGAA AGGAACG 
514 GCOCCOC CDGADGAGGCCGAAAGGCCGAA ADAGGAA 
534 CAAGOCA CDGADGAGGCCGAAAGGCCGAA AGOCCCC 
556 GGAAGCA CDGADGAGGCCGAAAGGCCGAA AGGCGCA 

561 CACCOGG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

562 DCACCUG CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
585 GCOGGCD CDGADGAGGCCGAAAGGCCGAA ADGGCUU 
598 DCAGGAG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GDGAGAG CDGADGAGGCCGAAAGGCCGAA ACAGGGG 

616 GADGDGA CDGADGAGGCCGAAAGGCCGAA AGGACAG 

617 GGCDGAG CDGADGAGGCCGAAAGGCCGAA AAGGGAC 
620 CADGGCD CDGADGAGGCCGAAAGGCCGAA AGGAAGG 
623 GAGADGG CDGADGAGGCCGAAAGGCCGAA AGCAGGA 
628 OADCAAA CDGADGAGGCCGAAAGGCCGAA ADCGGAD 

630 GUUADCA CDGADGAGGCCGAAAGGCCGAA AAADCGG 

631 GGDOADC CDGADGAGGCCGAAAGGCCGAA AAAADCG 
638 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 
661 AGADCOD CDGADGAGGCCGAAAGGCCGAA AGCDCGG 
667 CDCGGCA CDGADGAGGCCGAAAGGCCGAA ADCDDGA 
687 GCOCCCA CDGADGAGGCCGAAAGGCCGAA AGDDCCG 
700 CCCCACC CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GCAAGAA CDGADGAGGCCGAAAGGCCGAA ADCOCA0 

717 CAGCAAG CDGADGAGGCCGAAAGGCCGAA AGADCDC 

718 ACAGCAA CDGADGAGGCCGAAAGGCCGAA AAGADCU 
721 CGCAADG CDGADGAGGCCGAAAGGCCGAA AGGAGAA 

751 ^^ JJC CT ^ DGAGGC ^^ ADGDCDD 

759 CGDGAAA CDGADGAGGCCGAAAGGCCGAA ACACCDC 

761 CCCGTOA COGAOGAGGCCGAAAGGCCGAA ADACACC 

762 DCCCGOG CDGADGAGGCCGAAAGGCCGAA AADACAC 

763 GDCCCGD CDGADGAGGCCGAAAGGCCGAA AAADACA 
792 AGAAAAG CDGADGAGGCCGAAAGGCCGAA AGCCDCG 

795 DDGAGAA CDGADGAGGCCGAAAGGCCGAA AGGAGCC 

796 CDDGAGA CDGADGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCDDGAG CDGADGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGCDDGA CDGADGAGGCCGAAAGGCCGAA AAAAGGA 
829 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 

834 AGOCCGG CDGADGAGGCCGAAAGGCCGAA ACACAAU 

835 GAGDCCG CDGADGAGGCCGAAAGGCCGAA AACACAA 
845 GCGDACG CDGADGAGGCCGAAAGGCCGAA AGGAGDC 
849 GDCGGCG CDGADGAGGCCGAAAGGCCGAA ACGGAGG 
872 CGAACAG CDGADGAGGCCGAAAGGCCGAA AGOCDGG 
883 GCADGGA CDGADGAGGCCGAAAGGCCGAA ACDCGAA 
885 CDGCADG CDGADGAGGCCGAAAGGCCGAA AGACDCG 

905 CGADCAG CDGADGAGGCCGAAAGGCCGAA AGGCCGC 

906 GCGADCA CDGADGAGGCCGAAAGGCCGAA AAGGCCG 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 PCT/IB9S/00156 

233 

919 GCOCACO OX5ATCAGGCCGAAAGGCCGAA AGCOCGC 

936 GOACOGG CDGADGAGGCCGAAAGGCCGAA ACOCCAO 

937 AGOACOG CXX2UX3AGGCOGAAAGGCCGAA AACOCCA 
942 OGGCAAG COGAOGAQGOCGAAAGGCOGAA ACOGGAA 
953 OCADGOG CUGADGAGGCCGAAAGGCCGAA. ACGAGGC 
962 CGGOGGC COGADGAGGCCGAAAGGCCGAA ACCAOCO 
965 GOCOGGC COGADGAGGCCGAAAGGOOGAA AGOACDG 
973 CCOCODC COGADGAGGCCGAAAGGCOGAA AOCCGGU 
986 ACUCUUG COGAOGAGGCCGAAAGGCCGAA AGGOCOC 
996 GGOCOCA COGADGAGGOCGAAAGGOOGAA AGGOCCU 

1005 ACDCDDG COGAOGAGGCCGAAAGGCCGAA AGGUCDC 

1006 UACOCOa • COGADGAGGOCGAAAGGOOGAA AAGGOCU 
1015 DCOOCAO COGADGAGGCCGAAAGGOOGAA ADACOCO 
1028 DOGAAAG CDGADGAGGOCGAAAGGCCGAA ACOCOOC 
1° 31 CCAOOGA COGADGAGGOCGAAAGGOOGAA AGGACOC 

1032 OCCADOG COGADGAGGOCGAAAGGOOGAA AAGGACO 

1033 GOCCAOO COGADGAGGCCGAAAGGCCGAA AAAGGAC 
1058 CGGGOOG CDGADGAGGOCGAAAGGCCGAA AGGOCGG 
1064 DOGGADC COGADGAGGCCGAAAGGCCGAA AGGOGOA 
1072 GCACAGC COGAOGAGGCCGAAAGGCCGAA ADACGCC 

1082 O OOCGGG COGAOGAGGCCGAAAGGCCGAA AGGCACA 

1083 ACOOCGG COGAOGAGGCCGAAAGGCCGAA AAGGCOO 
1092 AGAAGOO COGADGAGGCCGAAAGGCCGAA AGOOOCG 

1097 GGGACAG COGADGAGGOOGAAAGGCCGAA AGOOGAG 

1098 GGGGACA COGADGAGGOCGAAAGGCOGAA AAGOOGA 
1102 GCOOGGG COGADGAGGCCGAAAGGCCGAA ACAGAAG 
1125 GAAGGOG COGADGAGGCCGAAAGGCCGAA AGGGCOG 
1127 GOAAGGC COGADGAGGOOGAAAGGCCGAA ADADGGC 
1131 CGGOGCO COGADGAGGCOGAAAGGCOGAA AGGGAOG 
-"2 . ADGCOGG COGADGAGGCCGAAAGGCCGAA AAGGOGO 
1133 GAAGCOG COGADGAGGCCGAAAGGCCGAA AGADGGA 
1-37 GCGCGCO COGAOGAGGCCGAAAGGCCGAA AAGOAAA 
H40 GCOGAGG CCGADGAGGOOGAAAGGCCGAA ADGCOGG 
1153 CAAAGOO COGAOGAGGCCGAAAGGCCGAA ADGGOGC 
1158 CDCADCA COGADGAGGCCGAAAGGCCGAA AGOOGAD 
-167 GGGGGAA COGAOGAQGCCGAAAGGCCGAA ACOCADC 

1168 OGGGGGA COGADGAGGCCGAAAGGCCGAA AACOCAD 

1169 AOGGGGG COGADGAGGOOGAAAGGCOGAA AAACOCA 
1182 OGADGGO COGADGAGGCCGAAAGGCCGAA ACAGCAD 
H83 COGAOGG CTGADGAGGCOGAAAGGCCGAA AACAGCA 
1184 OCAGGAG COGADGAGGOOGAAAGGCOGAA AGGGGCC 
H87 GGCOGAG COGADGAGGCCGAAAGGCCGAA AAGGGAC 
1188 COGCCCO COGADGAGGCCGAAAGGCCGAA AOGGOAA 
-158 OCAGACO COGADGAGGCCGAAAGGCCGAA AACOCCC 
-209 GAAGGOG CCGAOGAGGCOGAAAGGCCGAA AGGGCOG 
1215 CGGOGCO COGADGAGGCCGAAAGGCOGAA AGGOCAG 
1229 GCOGAGG COGADGAGGOCGAAAGGOOGAA AGGGACC 
f^f GGGGCAG COGADGAGGCCGAAAGGCCGAA AGCOGGG 
-250 GAGCCOG COGADGAGGOCGAAAGGOOGAA AGGCOGG 
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1268 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AGCOGGG 

1279 AGGAAGG CDGADGAGGCCGAAAGGCCGAA ACCADGG 

1281 CGCAGCO 03GADGAGGCCGAAAGGCCGAA AGCCCAC 

1286 DGGGGGA COGAD3AGGCCGAAAGGCCGAA AACUCAU 

1309 AGACDCG CUGADGAGGCCGAAAGGCCGAA. ACAGGAG 

1315 GGGODAG CUGADGAGGCCGAAAGGCCGAA ACDGGGG 

1318 CCGGGGO CUGADGAGGCCGAAAGGCCGAA AGAACUG 

1331 GACDGGG CUGADGAGGCCGAAAGGCCGAA AGGACCC 

1334 OCAGCDO CDGADGAGGCCGAAAGGCCGAA AGAAAAG 

1389 GGCODCC CDGADGAGGCCGAAAGGCCGAA ACAGCGD 

1413 AGCADCA COGAOGAGGCCGAAAGGCCGAA ACDGCAG 

1414 CAGCADC CDGADGAGGCCGAAAGGCCGAA AACCGCA 
1*37 GCCAAGC CDGADGAGGCCGAAAGGCCGAA AGGCCC* 
1441 OGOOGCC CDGADGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GDCDGDG CDGADGAGGCCGAAAGGOCGAA ACACOCC 

1468 GGDCOGU CDGADGAGGCCGAAAGGCCGAA AACACDC 
1482 GDCCACA CDGADGAGGCCGAAAGGCCGAA ADGCCAG 
I486 AGDDCCC CDGADGAGGCCGAAAGGCCGAA ACCGAAG 
1494 AAACDCD CDGADGAGGCCGAAAGGCCGAA AGDOGDC 

1500 CDGCDGA CDGADGAGGCCGAAAGGCCGAA ACUCDGA 

1501 GCDGCDG CDGADGAGGCCGAAAGGCCGAA AACDCDG 

1502 AGCDGCU CDGADGAGGCCGAAAGGCCGAA AAACDCD 
1525 ACACAGG CDGADGAGGCCGAAAGGCCGAA ADGCACC 
1566 DOCAGGG CDGADGAGGCCGAAAGGCCGAA ACDCCAU 
1577 CGAGDDA CDGADGAGGCCGAAAGGCCGAA AGCODCA 
1579 GGCGAGD CDGADGAGGCCGAAAGGCCGAA ADAGCDD 
llll ACCAGGC CDGADGAGGCCGAAAGGCCGAA AGDDADA 
1588 CCCOCDC CDGADGAGGCCGAAAGGCCGAA AGGAGAG 
1622 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AGCOGGG 
1628 CCDACCG CDGADGAGGCCGAAAGGCCGAA AGCAGGA 
1648 CADDGGG CDGADGAGGCCGAAAGGCCGAA AGCCCCG 
1660 CDGGGCA CDGADGAGGCCGAAAGGCCGAA AGGDCAG 

1663 CACCDGG CDGADGAGGCCGAAAGGCCGAA AGGAGAG 

1664 OCACCOG CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
166a ACCDCCG CDGADGAGGCCGAAAGGCCGAA AAGCGAG 

1680 GGAGGAG CDGADGAGGCCGAAAGGCCGAA AGDCODC 

1681 DGGAGGA CDGADGAGGCCGAAAGGCCGAA AAGOCOU 
1683 AADGGAG CDGADGAGGCCGAAAGGCCGAA AGAAGDC 
1686 CGCAADG CDGAOGAGGCCGAAAGGCCGAA AGGAGAA 
1690 DGDCCGC CDGADGAGGCCGAAAGGOOGAA ADGGAGG 

1704 AGCAGAG CDGADGAGGCCGAAAGGCCGAA AGDCCAD 

1705 GAGCAGA COGADGAGGOCGAAAGGCOGAA AAGDCCA 
1707 AAGAGCA CDGADGAGGCCGAAAGGCCGAA AGAAGDC 
1721 CDGADCD CDGADGAGGCCGAAAGGCCGAA ACDCAAA 
1726 AGGAGCD CDGADGAGGCCGAAAGGCCGAA ADCDGAC 
1731 ACCDDAG CDGADGAGGCCGAAAGGCCGAA AGCDGAD 
1734 AGCACCD CDGADGAGGCCGAAAGGCCGAA AGGAGCD 
1754 CDCDOGG CDGADGAGGCCGAAAGGCCGAA AGCACDG 
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Table 20 

Human rel A HH Ribo2yme Sequences 

nt. Position HH Ribozyme Sequences 



19 DACAGAC OJGAIX3AGGCCGAAAGGCCGAA AGCCAOO 

22 CACOACA COGADGAGGCCGAAAGGCCGAA ACGAGCC 

26 CGOGCAC COGAOGAGGOCGAAAGGCCGAA ACAGACG 

93 GAGGGGG COGADGAGGCCGAAAGGCCGAA ACAGOOC 

94 OGAGGGG COGADGAGGCCGAAAGGCCGAA AACAGDU 
100 GGAAGMT COGADGAGGCCGAAAGGCCGAA AGGGGGA 
103 CCGGGAA COGADGAGGCCGAAAGGCCGAA ADGAGGG 

105 OGCCGGG COGADGAGGCCGAAAGGCCGAA AGADGAG 

106 CDGCCGG OX3ADOAGGCCCAAAGSCCGAA AAGAOGA 
129 GGGGCCA OTAOOAGGCCGAAAGGCCGAA AGGCCOG 
138 COCCACA CUGAOGAGGCCGAAAGGCOGAA AGGGGCC 
148 GCOCAAO OXSUJGAGGCCGAAAGGCCGAA AOCUCCA 
151 GCOGCOC COGADGAGGCCGAAAGGCCGAA AOGACCO 

180 GOAGCGG COGADGAGGCCGAAAQGCOGAA AGCGCAU 

181 OGOAGCG COGADGAGGCCGAAAGGCCGAA AAGCGCA 
186 GCACOOG CDGADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCG COGADGAGGCCGAAAGGCCGAA AGCGCCC 
217 CGCCCGG COGADGAGGCCGAAAGGCCGAA ADGCOGC 
239 OOGGOGG COGADGAGGCCGAAAGGCCGAA ADCOGOG 
252 OGADCOO C0GAO3AGGCCGAAAGGCCGAA AOGGOGG 
268 AGCCAOO COGADGAGGCCGAAAGGCCGAA AOCOOGA 
276 OCCDGOG COGADGAGGCCGAAAGGCCGAA AGCCAOO 
301 CCAGGGA COGAOGAGGCCGAAAGGCCGAA ADGCGCA 
303 GACCAGG COGADGAGGGCGAAAGGCGGAA AGAOGCG 
310 CCDUGGU COGADGAGGCOGAAAGGCCGAA ACCAGGG 
323 CGGOGAG COGADGAGGCCGAAAGGCCGAA AGGGOCC 
326 GGCCGGO COGADGAGGCCGAAAGGCCGAA AGGAGGG 
335 DGGGGGO COGADGAGGCCGAAAGGCCGAA AGGCCGG 
349 DOCCOAC COGADGAGGCCGAAAGGCCGAA AGCOCGD 
352 CCODDCC CDGADGAGGCCGAAAGGCCGAA ACAAGCU 

375 COCADAG COGADGAGGCCGAAAGGCCGAA AGCCADC 

376 CCDCADA COGADGAGGCCGAAAGGCCGAA AAGCCAD 
378 AGCCOCA COGADGAGGCCGAAAGGCCGAA AGAAGCC 
391 CCGGGCA OX3AOGAGGCCGAAAGGCCGAA AGCDCAG 
409 AACOGOG COGADGAGGCCGAAAGGCCGAA AOGCAGC 

416 DOCOGGA COGADGAGGCCGAAAGGCCGAA ACOGOGG 

417 GODCOGG COGADGAGGCCGAAAGGCCGAA AACOGOG 

418 GGDDCOG COGADGAGGCCGAAAGGCCGAA AAACDGO 
433 CACACOG COGADGAGGCCGAAAGGCCGAA ADOCCCA 
467 DGACDGA COGADGAGGCCGAAAGGCCGAA AGCCDGC 
469 GCOGACO COGADGAGGCCGAAAGGOOGAA ADAGCCO 
473 ADGCGCO COGADGAGGCCGAAAGGCCGAA ACOGADA 
481 DGGOCOG COGADGAGGCCGAAAGGCCGAA ADGCGCO 
SOI AACOOGG COGADGAGGCCGAAAGGCCGAA AGGGGOO 
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502 GAACUUG CUGACGAGGCCGAAAGGCCGAA AAGGGGU 

508 CDADAGG Q3GADGAGGCCGAAAGGOOGAA ACOOGGA 

509 UCOADAG CDGADGAGGCCGAAAGGCCGAA AACDOGG 
512 UOJUCUA OK3ADGAGGCCGAAAGGCCGAA AGGAACO 
514 GCOCOOC CDGAOGAGGCCGAAAGGCCGAA ADAGGAA 
534 CAGGOCG CUGADGAGGCXXAAAGGCCGAA AGOCCCC 
556 GGAAGCA CDGAUGAGGCCGAAAGGCCGAA AGCCGCA 

561 CACCGGG CTOADGAGGCCGAAAGGCCGAA AGCAGAG 

562 OCACCOG CDGADGAGGCCGAAAGGCOGAA AAGCAGA 
585 CCOGCCO COGADGAGGCCGAAAGGCCGAA ADGGGUC 
598 GGAGGCG CDGADGAGGCCGAAAGGCOGAA AGGGGCC 
613 GAGGAAG O3GAIXSU3G0CGAAAGGCCGAA ACAGGCG 

616 GADGAGG QJGADSAGGCCGAAAGGCCGAA AGGACAG . 

617 GGADGAG aJGADGAGGCCGAAAGGCCGAA AAGGACA 
620 ADGGGA0 C0GAD3AGGCCGAAAGGC0GAA AGGAAGG 
623 AAGADGG COGADGAGGCCGAAAGGCCGAA ADGAGGA 
628 OGDCAAA CDGADGAGGOOGAAAGGCOGAA ADGGGAD 

630 ADOGOCA OXSADGAGGCOSAAAGGCCGAA AGADGGG 

631 GADOGOC CDGAOSAGGCCGAAAGGCCGAA AAGADGG 
638 GGGGCAC COGADGAGGCCGAAAGGCCGAA ADOGOCA 
661 AGADCOU CDGADGAGGOOGAAAGGCOGAA AGCOCGG 
667 COCGGCA COGADGAGGCCGAAAGGCCGAA ADCOOGA 
687 GCOGCCA CDGADGAGGCCGAAAGGCOGAA AGOOOCG 
700 CCCCACC OTGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GDAGGAA CDGAD3AGGCGGAAAGGO0(3^A ADCUCAD 

717 CAGOAGG COGADGAGGCCGAAAGGCCGAA AGADCOC 

718 ACAGUAG COGADGAGGCCGAAAGGCCGAA AAGADCO 
721 CACACAG CI7GADGAGGCCGAAAGGCCGAA AGGAAGA 

751 ACACCOC COGADGAGGCCGAAAGGCCGAA ADGOOCO 
759 CGOGAAA COGADGAGGCCGAAAGGCCGAA ACACCOC 
761 CCCGOGA CDGADGAGGCCGAAAGGCOGAA AUACACC 
? 62 tJCCCGL^ COGADGAGGCCXSUUKXSCOS^ AADACAC 
7 63 GOCCCGU aXSADGAGGCCGAAAGGCCGAA AAADACA 

752 CGAAAAG CDGADGAGGCCGAAAGGCOGAA AGCCOCG 

795 DDGCGAA CDGADSAGGCCGAAAGGCCGAA AGGAGCC 

796 CDOGCGA CDGADGAGGCCGAAAGGCOGAA AAGGAGC 

797 GCDDGCG CDGADGAGGCCGAAAGGCOGAA AAAGGAG 

798 AGCDOGC OTGADGAGGCCGAAAGGCOGAA AAAAGGA 
829 GGAACAC CDGADGAGGCCGAAAGGCOGAA ADGGCCA 

834 GGDCCGG CDGADGAGGCCGAAAGGCOGAA ACACAAD 

835 GGGOCCG COGADGAGGCCGAAAGGCCGAA AACACAA 
845 GCGOAGG CDGADGAGGCCGAAAGGCOGAA AGGGGOC 
849 GOCOGCG CDGADGAGGOOGAAAGGCOGAA AGGGAGG 
872 CGCACAG CDGADGAGGCCGAAAGGCOGAA AGCCDGC 
883 GCADGGA COGADGAGGCCGAAAGGCCGAA ACACGCA 
885 CDGCADG CDGADGAGGCCGAAAGGCOGAA AGACACG 
505 CGGDCGG CDGADGAGGCCGAAAGGCOGAA AGGCOGC 
906 CCGGDCG COGADGAGGCCGAAAGGCCGAA AAGGCCG 
919 GCOCACD COGADGAGGCCGAAAGGCCGAA AGCOCCC 
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936 GUACDGG CDGADGAGGCCGAAAGGCCGAA AUUCCAU 

937 GGUACUG CUGAD3AGGCCGAAAGGCGGAA AADDCCA 
942 OGGCAGG CDGADGAGGCCGAAAGGCCGAA ACCGGAA 
953 UCGUCUG CDGADGAGGCCGAAAGGCCGAA ADCUGGC 
962 CGGUGAC CDGADGAGGCCGAAAGGCCGAA AUCGUCU 
965 AUCCGGU CTGADGAGGCCGAAAGGCCGAA ACGAUCG 
973 DCDCCUC CDGADGAGGCCGAAAGGCCGAA AUCCGGU 
986 GUCCUUU CDGADGAGGCCGAAAGGCCGAA ACGUUUC 
996 GGOCUCA CTGADGAGGCCGAAAGGCCGAA ADGDCCU - 

1005 GCOCODG CDGADGAGGCCGAAAGGCCGAA AGGDCUC 

1006 DGCUCUU COGADGAGGCCtSVAAGGCCGAA AAGGUCU 
1015 UCUUCAU CTGADGAGGCCGAAAGGCCGAA ADGCDCU 
1028 CDGAAAG COGAUGAGGCCGAAAGGCCGAA ACDCUDC 

1031 CCGCUGA OTGADGAGGCCGAAAGGCCGAA AGGACCC 

1032 OCOGCOG CDGADGAGGCCGAAAGGCCGAA AAGGACU 

1033 GDCCGCD COGATOAGGCQS^AAGGCCGAA AAAGGAC 
1058 CGAGGOG CDGADGAGGCCGAAAGGCCGAA AGGCCGG 
1064 ADGCGUC CDGADGAGGCCGAAAGGCCGAA AGGUGGA 
1072 GCACAGC CDGADGAGGCCGAAAGGCCGAA ADGCGUC 

1082 CUGCGGG CTGADGAGGCCGAAAGGCCGAA AGGCACA 

1083 GCOGCGG CDGADGAGGCCGAAAGGCCGAA AAGGCAC 
1092 AGAAGCU CDGADGAGGCCGAAAGGCCGAA AGCDGCG 
1097. GGGACAG CDGADGAGGCCGAAAGGCCGAA AGCDGAG 
10 98 GGGGACA CDGADGAGGCCGAAAGGCCGAA AAGCDGA 
1102 GCDDGGG CDGADGAGGCCGAAAGGCCGAA ACAGAAG 
1125 AAAGGGA CTGADGAGGCCGAAAGGCCGAA AGGGCDG 
1127 GDAAAGG CDGADGAGGCCGAAAGGCCGAA ADAGGGC 
1131 DGACGDA CDGADGAGGCCGAAAGGCCGAA AGGGADA 
H 32 ADGACGD CDGADGAGGCCGAAAGGCCGAA AAGGGAD 
1133 GADGACG CDGAI3GAGGCCGAAAGGCCGAA AAAGGGA 
U37 CAGGGAD CDGADGAGGCCGAAAGGCCGAA ACGUAAA 
1140 GCOCAGG CDGADGAGGCCGAAAGGCCGAA ADGACGD 
U53 CADAGDU CTGADGAGGCCGAAAGGCCGAA ADGGDGC 
1158 CDCADCA CDGADGAGGCCGAAAGGCCGAA AGUDGAD 

1167 GGUGGGA CDGADGAGGCCGAAAGGCCGAA ACDCADC 

1168 DGGDGGG CDGADGAGGCCGAAAGGCCGAA AACDCAU 

1169 ADGGDGG CDGADGAGGCCGAAAGGCCGAA AAACDCA 
1182 AGAAGGA CDGADGAGGCCGAAAGGCCGAA ACACCAU 
US 3 CAGAAGG CTGADGAGGCCGAAAGGCCGAA AACACCA 
1184 CCAGAAG CDGADGAGGCCGAAAGGCCGAA AAACACC 
11*7 DGCCCAG CDGADGAGGCCGAAAGGCCGAA AGGAAAC 
1188 CDGCCCA CDGADGAGGCCGAAAGGCCGAA AAGGAAA 
1198 CCDGGCD CDGADGAGGCCGAAAGGCCGAA ADCDGCC 
1209 CAAGGCC CDGADGAGGCCGAAAGGCCGAA AGGCCUG 
1215 CGGGGCC CDGADGAGGCCGAAAGGCCGAA AGGCCGA 
I 229 ACDDGGG CTGADGAGGCCGAAAGGCCGAA AGGGGCC 
1237 GGGGCAG CTGADGAGGCCGAAAGGCCGAA ACDDGGG 
1250 GGGGCDG CDGADGAGGCCGAAAGGCCGAA AGCCDGG 
1268 ADGGCDG CDGADGAGGCCGAAAGGCCGAA AGCAGGG 
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1279 GAGCOGA CDGADGAGGCOGAAAGGCCGAA ACCADGG 

1281 CAGAGCO COGADGAGGCCGAAAGGCCGAA ADACCAU 

1286 OGGGCCA COGADGAGGCX2GAAAGGCCGAA AGCOGAO 

1309 GGACUGG COGADGAGGCCGAAAGGCCGAA ACAGGGG 

1315 GGGCUAG COGADGAGGCCGAAAGGCCGAA ACOGGGA 

1318 CDGGGGC COGADGAGGCCGAAAGGCCGAA AGGACOG 

1331 GCCOGAG COGADGAGGCCGAAAGGCCGAA AGGGCOJ 

1334 ACAGCCU COGADGAGGCCGAAAGGCCGAA AGGAGGG 

1389 GGCCOCU CIJGADGAGGCCGAAAGGCCGAA ACAGCGU 

1413 ADCADCA COGADGAGGCCGAAAGGCCGAA ACOGCAG 

1414 CADCADC aXSVDGAGGCOSAAAGGCCGAA AACOGCA 
1437 GCCAAGC COGADGAGGCCGAAAGGCCGAA AGGCCCC 
1441 UGOOGCC COGADGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GOCOGDG COGADGAGGCCGAAAGGCCGAA ACACAGC 

1468 GGOCDGO COGADGAGGCCGAAAGGCCGAA AACACAG 
1482 GOCGACG COGADGAGGCCGAAAGGCCGAA ADGCCAG 
I486 AGOOGOC COGAD3AGGCCC3VAAGGCCGAA ACGGADG 
*494 AAACOCG COGADGAGGCCGAAAGGCCGAA AGOOGOC 

1500 COGCDGA CDGAIX2AGGCCGAAAGGCCGAA ACOCGGA 

1501 GCOGCOG COGADGAGGCCGAAAGGCCGAA AACOCGG 

1502 AGCOGCO COGADGAGGCCGAAAGGCCGAA AAACOCG 
1525 CCACAGG COGADGAGGCCGAAAGGCCGAA ADGCCCO 
1566 COCAGGG COGADGAGGCCGAAAGGCCGAA ACOCCAD 
1577 CGAGOOA COGADGAGGCCGAAAGGCCGAA AGCCOCA 
1579 GGCGAGO COGADGAGGCCGAAAGGCCGAA ADAGCCO 
1583 ACOAGGC COGADGAGGCCGAAAGGCCGAA AGODADA 
1558 COGOCAC COSADGAGGCCGAAAGGOCGAA AGGCGAG 
1622 GGAGCAG COGADGAGGCCGAAAGGCCGAA AGCOGGG 
1628 • CCCAGOG COGADGAGGCCGAAAGGCCGAA AGCAGGA 
1648 CADOGGG COGADGAGGCCGAAAGGCCGAA AGCCCCG 
1660 COGAAAG COGADGAGGCCGAAAGGCCGAA AGGCCAD 

1663 COCCOGA COGADGAGGCCGAAAGGCOGAA AGGAGGC 

1664 OCOCCOG COGADGAGGCCGAAAGGCCGAA AAGGAGG 

1665 ADCOCCO COGADGAGGCCGAAAGGCCGAA AAAGGAG 

1680 GGAGGAG COGADGAGGCCGAAAGGCCGAA AGOCOOC 

1681 OGGAGGA COGADGAGGCCGAAAGGCCGAA AAGOCOO 
1683 AADGGAG COGADGAGGCCGAAAGGCCGAA* AGAAGOC 
1686 CGCAADG COGADGAGGCCGAAAGGCCGAA AGGAGAA 
1690 OGOCCGC COGADGAGGCCGAAAGGCCGAA ADGGAGG 

1704 GGCOGAG COGADGAGGCCGAAAGGCCGAA AGOCCAD 

1705 GGGCOGA COGADGAGGCCGAAAGGCCGAA AAGOCCA 
1707 CAGGGCO COGADGAGGCCGAAAGGCCGAA AGAAGOC 
1721 COGADCO COGADGAGGCCGAAAGGCCGAA ACOCAGC 
1726 AGGAGCO COGADGAGGCCGAAAGGCCGAA AOCOGAC 
1731 CCCOOAG COGADGAGGCCGAAAGGCCGAA AGCOGAD 
1734 ACCCCCO COGADGAGGCCGAAAGGCCGAA AGGAGCO 
1754 COCOGGG COGADGAGGCCGAAAGGCCGAA AGGGCAG 
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Table 23: Human TNF-a HH Ribozyme Target Sequence 



nt . 


EH Target Sespience 


at. 


**** nuget wQ<2UOZ1C6 


Position 




Position 


28 


GGCAGGU U CUCUUCC 






29 


GCAGGOU C UCUUCCU 


321 


GvJCAGAD C ADCUUCU 


31 


AGGUUCU C UUGCUCU 


324 


AGADCATJ C DUCDCGA 


33 


guucuoj u ccucoca 


326 


ADCADCU U CCCGAAC 


34 


UDCUCUU C C0CUCAC 


327 


UCADCCU C DCGAACC 


37 


UCUUCOJ C UCACAOA 


329 


ADCUUCU C GAACCCC 


39 


UUCCUCU C AGAUAOJ 


352 


AGCOJGU A GCCCAJDG 


44 


CUCACAU A CUGACCC 


361 


CCCADGU U OTAGCAA 


58 


CACGGCU C CACCCUC 


364 


ADGGUGU A GCAAACC 


65 


CCACCCa C DCUOCCC 


374 


AAACCCU C AAGCUGA 


67 


ACCCDCU C UCCCCUG 


391 


GGCAGCU C CAGOGGC 


69 


CCUCUCU . C CCCUGCiA 


421 


ADGCCCU C CDGGCCA 


106 


GCADGAU C CGGGAOG 


449 


GAGAGAU A AOCAGCT 


136 


AGGCGCU C CCCAAGX 


468 


GOGCCA0 C AGAGGGC 


165 


CAGGGCa C CAGGCGG 


480 


GGCCUGU A CCUCADC 


177 


CGGDGCQ U GUUCOJC 


484 


UGUACCCJ C AUCUACD 


180 


UGCUUGU U CCDCAGC 


487 


ACCUCAU C UACDCCC 


181 


GCUUGUU C COCAGCC 


489 


CUCADQJ A CUOCCAG 


. 184 


rouucca C AGCCOCU 


492 


ADCUACU C CCAGGUC 


190 


UCAGCCU C UOCOCCU 


499 


CCCAGGU C CUCUDCA • 


192 


AGCCDCa U CUCOJUC 


502 


AGGUCOJ C DUCAAGG 


193 


GCCOCUU C UCCUDCC 


504 


GUCCTCU U CAAGGGC 


195 


CUCUUCU C CUUOCUG 


505 


UCCUCUU C AAGGGCC 


198 


UUCUCCU U CCCGADC 


525 


UGCCCCU C CACCCAU 


199 


UCUCCUU C C0GADCG 


538 


ADGUGOJ C COCACCC 


205 


UCCUGAU C GUGGCAG 


541 


UGCUCCU C ACCCACA 


226 
228 


CCAOGCa C U0C0GCC 


553 


ACACCAU C AGCCGCA 




ACGCUCU U CUGCCOG 


562 


GCCGCAU C GCOGOCP 


229 


CGCUCDU C UGCCDGC 


568 


OCGOCOJ C OCCDACC 


243 


CUGCACU U UGGAGOG 


570 


GCCGUCU C CUACCAG 


244 


UGCACDU U GGAGUGA 


573 


GUCUCCU A CCAGACC 


253 


GAGUGAU C GGCOCOC 


586 


CCAAGGU C AACCOCC 


273 


GAAGAGU C CCCCAGG 


592 


TCAACCU C CUCUCUG 


286 


GGGACOJ C UCUCUAA 


59S 


ACCUCCU C UCUGCCA 


288 


GACCUCU C UCUAADC 


597 


CUCCUOJ C CGCCADC 


290 


CCUCUCU C UAADCAG 


604 


CCGCCAD C AAGAGCC 


292 


DCOCOCU A ADCAGCC 


657 


CCCUGGU A UGAGCCC 


295 


C0C0AAU C AGCCCDC 


667 


AGCCCAD C UADCUGG 


302 


CAGCCOI C DGGCCCA 


669 


CCCADCU A UCCGGGA 
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1U01 


fiA4 


fzfzrzfzi in i rr m^ynr: 


1007 






1008 






1021 


791 




1029 


795 




1040 


735 




1046 


717 


^y^^ /"t i & rr f i \t y*s^^ n t 

wVanv^UnU k» ULVjrtLJJU 


1047 


739 


T\ r "1 l/il If H t ^^/"l If II 1/ » 


T AC1 

1051 


744 


CyvlanJLU U wvJN-.V,.Vjf\t j 


lOou 


745 




10b / 


753 


GCTT^AfiTT f* iv^Sf^^jk/^ 


i noc 
lOoo 


763 


fSRT^JV^f «r i o TTAn it ir vn 


lOoo 


765 




i nan 


768 


GUCUACU U UGGGADC 




769 


UCUACUU U GGGADCA 


11»J 


775 


UOGGGAD C ADUGCCC 




778 


GGAUCAU U GOO00GO 


1 1 7Q 


801 


OGAACAU C CAAQfUU 


iij j 


808 




11 J 1 


809 






820 




1 1 CO 


833 




1159 


837 




1162 


838 




Uo4 


839 




1166 


841 




1174 


842 


nTTITTAFTTI & nrfyytTP 


1175 . 


849 


AOHHfYTT nTTir*R^% 


1176 


852 


IA»V»UIA,u U WuaftCftC 


1183 


853 




1184 


ocri 

OOJ 


ACAO^u C AACCDCU 


1187 




UCAACCu C uui.lAit£J 


1208 




AAUUUCSJ U CUGGOOC 


1224 


o / 4* 




1228 


S7fi 


UuUGGCU C AAAAAGA 


1230 




ALsAGAAU u GGGvjGCU 


1232 


o jo 


W3«*jCU U AUOoUUXi 


1233 






1234 


904 




1238 


917 




1239 


918 


CAAGCO0 A GAACDDU 


1245 


924 


UAGAACU 0 UAAGCAA 


1251 


925 


AGAACUU U AAGCAAC 


12S2 


926 


GAACOOa A AGCAACA 


1254 


945 


CACCAOJ U CGAAACC 


1255 


946 


ACCACUU C GAAACCU 


1256 


959 


CUGGGAU U CAGGAAU 


1258 
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TCGGADU C AGGAAUG 
AACCACU A AGAADDC 
UAAGAAU U CAAACOG 
AAGAADU C AAACDGG 
GGGGCCU C CAGAACU 
CAGAACU C ACDGGGG 
GGGGCXU A CAGCDUO 
HACAGCU U DGADCCC 
ACAGCUU U GAUCCCU 
CUUO3A0 C CCCJGACA 
CUGACAET C CGGAACC 
CCGGAAI7 C DGGAGAC 
GGAGCCU U CGG U UC U 
GAGCCUU U GGOOCUG 
COODGGa U CCGGCCA 
UDDGGOU C OGGCCAG 
CAGGACU U GAGAAGA 
AAGACCU C ACCQAGA 
CUCACCU A GAAADDG 
QAGAAAU U GACACAA 

roGACca u AGGccua 

GGACCUa A GGCCUDC 
tJAGGCCD U CC OOX J U 
AGGOCUD C C0CUCCC 

ccuucca c ticnccAG 

UUCCTJCU C CCCAGAU 
CCUCOCU C CAGADGU 
CAGADGQ XJ UCCAGAC 
AGADGDU XJ CCAGACU 
GAUiUUU C CAGACOU 
CCAGACD XJ CCUUGAG 
CAGACUU C C UUGA GA 
ACDDCCU U GAGACAC 
CAGCCCU C CCCADGG 
GCCAGCa C CCUCUAU 
GC0QCC0 C DADOUA0 
UCCCOCU A DDDADGU 
CCUCUAU U DADGUUU 
CUCUAUU U AUGUUUG 
UCUAU0U A CGUUUGC 
UUUAUGU U UGCACUU 
UUAUGOU U GCACOUG 
CUGCACU U GUGAUUA 
UuuuGAU U AUUOAUU 
CGUGADU A UUUAUUA 
TCAUOAU U CAUOAUU 
GAUUAUU U AUUAUUU 
ABBADUU A UUAUUUA 
OADUOAU U ADUUAUU 
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AuuuaUU U AuuuaCA 
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XX / o 


uuuauuu A uuuaCAG 


1498 


xxoU 


UADUUAD U UACAGAU 


1501 


XXOX 


AUUUAUU U ACAGADG 


1512 


XXOX 


UuuaUuu A CAGAXJGA 


1517 
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UGAADGU A uuuauuu 
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AuuuaDu tj gggagac * 
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XJXD 


CDGGGGu A UCCuGw 


1551 
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GGGGUAU C CuGGGGG 


1552 


U34 


CCAADGCJ A GGAGCUG 


1566 


lo4o 


GCOGCCU U GGCUCAG 


1572 


xJjU 


CUUGGCU C AGACAEG 


1576 




GACADG0 TJ UUCCGUG 


1577 
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ACADGUU U UCOGOGA 




XJOJ. 


CADGUUu U CCLnJUAA 
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AUGUUUU C CGUGAAA 




xJoo 


GAACAAU A GGCUGUU 
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AGGCuGu U CCCADGU 
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<JviULKjUU C CCZATJGUA 




14U1 


CCCACGU A GCCCCCU 
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COGGCCO C UGUGCCU 




14x2 


CGOGCCD U OJUUUGA 




14XO 


GUGCCUU C UuuugaTJ 




14x1) 


GCCUDCU U UOGADDA 




1426 


COJUCUU U TJGADDAU 




1427 


CDUCUDTJ U GADTJAJJG 




1431 


UUUUGAU U AUGUUUU 




1432 


DTJUGAJJU A UGUUUUU 




1436 


ADUADGU U UUUUAAA 




1437 


DUAIajOO U UUUAAAA 




1438 


uADGUUU U UUAAAAU 





GGuTJUGTj tj AAAAUAU 
GUUUUuTJ A AAADAUU 
UUAAAAU A UUATJCUG 
AAAAUAU U AUCUGAU 
AAADAUU A UCUGAUU 
AUAUUAU C U^AUUAA 
AUCUGAU U AAGUUGU 
UCUGAUU A AGUUGUC 
AUUAAGU U GUCUAAA 
AAGUUGU C UAAACAA 
GUUGUCU A AACAAUG 
U^CUGAU U UGGUGAC 
GCCGADU Tj GGUGACC 
CAACUGU C ACUCMJU 
UGUCACU C AUCGCUG 
CACUCAU U GCUGAGG 
GAGGCCU C CGCCCCC 
CUCUGCU C CCCAGGG 
AGGGAGU U GUGCCUG 
GUUGUGU C UGUAAUC 
UGOCU OJ A ADCGGCC 
CUGUAAU C GGCCUAC 
UCGGCCU A COftDUCA 
GCCDACU A UUCAGUG 
CUACUAU U CAGUGGC 
UACUAJJU C AGUGGCG 
GAGAAAU A AAGGUCG 
UAAAGGU U GCUUAGG 
GGUUGCU U AGGAAAG 
GUUGCUTJ A GGAAAGA 
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Table 24: Human TNF-ct Hammerhead Ribozyme Sequences 



. nt. EH Ribozyme Sequence 

Position 

28 GGAAGAG OXSADGAGGCCGAAAGGCCGAA ACCOGCC 

29 AGGAAGA .CDGADGAGGCCGAAAGGCCGAA AACCOGC 
31 AGAGGAA CDGADGAGGCCGAAAGGCCGAA AGAACCD 

33 UGAGAGG CDGADGAGGCCGAAAGGCCGAA AGAGAAC 

34 GUGAGAG CCGATCAGGCOGAAAGGCCGAA AAGAGAA 
37 DADGDGA CDGADGAGGCCGAAAGGCCGAA AGGAAGA 
39 AGUAUGU CDGADGAGGCCGAAAGGCCGAA AGAGGAA 
44 GGGDCAG CDGADGAGGCCGAAAGGCCGAA ADGDGAG 
58 GAGGGDG CDGADGAGGCCGAAAGGCCGAA AGCCGDG 
65 GGGGAGA CDGADGAGGCCGAAAGGCCGAA AGGGDGG 
67 CAGGGGA CDGADGAGGCCGAAAGGCCGAA AGAGGGD 
69 DCCAGGG CDGADGAGGCCGAAAGGCCGAA AGAGAGG 

106 CGOCCCG CDGADGAGGCCGAAAGGCCGAA ADCADGC 

136 UCDDGGG CDGADGAGGCCGAAAGGCCGAA AGCGCCO 

165 CCGCCOG CDGADGAGGCCGAAAGGCCGAA AGCCCDG 

177 GAGGAAC CDGADGAGGCCGAAAGGCCGAA AGCACCG 

180 GCOGAGG CDGADGAGGCCGAAAGGCCGAA ACAAGCA 

181 GGCDGAG CDGADGAGGCCGAAAGGCCGAA AACAAGC 
184 AGAGGCD CDGADGAGGCCGAAAGGCCGAA AGGttCA 
190 AGGAGAA CDGADGAGGCCGAAAGGCCGAA AGGCDGA 

192 GAAGGAG CDGADGAGGCCGAAAGGCCGAA AGAGGCD 

193 GGAAGGA CDGADGAGGCCGAAAGGCCGAA AAGAGGC 
195 CAGGAAG CTGADGAGGCOSAAAGGCCGAA AGAAGAG 

198 . GADCAGG CDGADGAGGCCGAAAGGCCGAA AGGAGAA 

199 CGADCAG CDGADGAGGCCGAAAGGCCGAA AAGGAGA 
205 COGCCAC CDGADGAGGCCGAAAGGCCGAA ADCAGGA 
226 GGCAGAA CDGADGAGGCCGAAAGGCCGAA AGCGDGG 

228 CAGGCAG CDGADGAGGCCGAAAGGCCGAA AGAGCGD 

229 GCAGGCA CDGADGAGGCCGAAAGGCCGAA AAGAGCG 

243 CACDCCA CDGADGAGGCCGAAAGGCCGAA AGDGCAG 

244 DCACDCC CDGADGAGGCCGAAAGGCCGAA AAGDGCA 
253 GGGGGCC CDGADGAGGCCGAAAGGCCGAA ADCACDC 
273 CCDGGGG CDGADGAGGCCGAAAGGCCGAA ACDCDDC 
286 DDAGAGA CDGADGAGGCCGAAAGGCCGAA AGGDCCC 
288 GADDAGA CDGADGAGGCCGAAAGGCCGAA AGAGGDC 
290 CDGADDA CDGADGAGGCCGAAAGGCCGAA AGAGAGG 
292 GGCDGAD CDGADGAGGCCGAAAGGCCGAA AGAGAGA 
295 GAGGGCD CDGADGAGGCCGAAAGGCCGAA ADDAGAG 
302 DGGGCCA CDGADGAGGCCGAAAGGCCGAA AGGGCUG 
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321 AGAAGA0 CDGADGAGGCCGAAAGGCCGAA AUCUGAC 

324 UOGAGAA CUGAUGAGGCCGAAAGGCCGAA ADGAUCU 

326 GUCCGAG CUGAUGAGGCCGAAAGGCCGAA AGAUGAXJ 

327 GGUUCGA CUGAUGAGGCCGAAAGGCCGAA AAGAUGA 
329 GGGGUUC CUGAUGAGGCCGAAAGGCCGAA AGAAGAU 
352 CAUGGGC CUGAUGAGGCCGAAAGGCCGAA ACAGGCU 
361 UUGCUAC CUGAUGAGGCCGAAAGGCCGAA ACAUGGG 
364 GGUUUGC CUGAUGAGGCCGAAAGGCCGAA ACAACAU 
374 UCAGCUU CUGAUGAGGCCGAAAGGCCGAA AGGGUGU 
391 GCCACUG CUGAUGAGGCCGAAAGGCCGAA AGCUGCC 
421 UGGCCAG CUGAUGAGGCCGAAAGGCCGAA AGGGCAU 
449 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AUCUCUC 
468 GCCCUCU CUGAUGAGGCCGAAAGGCCGAA AUGGCAC 
480 GAUGAGG CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 
484 AGUAGAU CUGAUGAGGCCGAAAGGCCGAA AGGUACA 
487 GGGAGUA CUGAUGAGGCCGA*J*GGCCGAA AUGAGGU 
489 CUGGGAG CUGAUGAGGCCGAAAGGCCGAA AGAUGAG 
492 GACCTOG CUGAUGAGGCCGAAAGGCCGAA AGUAGAU 
499 UGAAGAG CUGAUGAGGCCGAAAGGCCGAA ACCUGGG 
502 CCUUGAA CUGAUGAGGCCGAAAGGCCGAA AGGACCU 

504 GCCCUUG CUGAUGAGGCCGAAAGGCCGAA AGAGGAC 

505 GGCCCUU CUGAUGAGGCCGAAAGGCCGAA AAGAGGA 
525 AUGGGUG CUGAUGAGGCCGAAAGGCCGAA AGGGGCA 
538 GGGUGAG COGAUGAGGCCGAAAGGCCGAA AGCACA0 
541 UGUGGGU CUGAUGAGGCCGAAAGGCCGAA AGGAGCA 
553 UGCGGCU COGPiBGaGGCCGML*^^ ADGGUGU 

562 AGACGGC CUGAUGAGGCCGAAAGGCCGAA AUGCGGC 

563 GGUAGGA CUGAUGAGGCCGAAAGGCCGAA ACGGCGA 
570 CUGGUAG CUGAUGAGGCCGAAAGGCCGAA AGACGGC 
573 GGUCUGG CUGAUGAGGCCGAAAGGCCGAA AGGAGAC 
586 GGAGGUU OTGAUGAGGC03AAAGGCCGAA ACCUUGG 
592 CAGAGAG CUGAUGAGGCCGAAAGGCCGAA AGGUUGA 
595 UGGCAGA CUGAUGAGGCCGAAAGGCCGAA AGGAGGU 
597 GAUGGCA COGAUGAGGCCGAAAGGCCGAA AGAGGAG 
604 GGCUCUU CUGAUGAGGCCGAAAGGCCGAA AUGGCAG 
657 GGGCUCA CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 
667 CCAGAUA CUGAUGAGGCCGAAAGGCCGAA AUGGGCU 
669 UCCCAGA CUGAUGAGGCCGAAAGGCCGAA AGAUGGG 
671 CCUCCCA CUGAUGAGGCCGAAAGGCCGAA AUAGAUG 
682 GCUGGAA CUGAUGAGGCCGAAAGGCCGAA ACCCCUC 

684 CAGCUGG CUGAUGAGGCCGAAAGGCCGAA AGACCCC 

685 CCAGCUG CUGAUGAGGCCGAAAGGCCGAA AAGACCC 
709 CAGCGCU CUGAUGAGGCCGAAAGGCCGAA AGUCGGU 
721 GOCGAUU CUGAUGAGGCCGAAAGGCCGAA AUCUCAG 
725 UCGGGCC CUGAUGAGGCCGAAAGGCCGAA AUUGAUC 
735 GUCGAGA CUGAUGAGGCCX1AAAGGCCGAA AGUCGGG 
737 AAGUCGA CUGAUGAGGCCGAAAGGCCGAA ADAGUCG 
739 CAAAGUC CUGAUGAGGCCGAAAGGCCGAA AGAUAGU 
744 CUCGGCA CUGAUGAGGCCGAAAGGCCGAA AGUCGAG 
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745 ACOCGGC C0GADGAGGCO3AAAGGCCGAA AAGUCGA 

753 COGCCCA COGADGAGGCCGAAAGGCCGAA ACOCGGC 

763 CAAAGUA COGADGAGGCCGAAAGGCCGAA ACCDGCC 

765 CCCAAAG COGADGAGGCCGAAAGGCCGAA AGACCUG 

768 GADCCCA COGADGAGGCCGAAAGGCCGAA AGDAGAC 

769 DGADCCC COGADGAGGCCGAAAGGCCGAA AAGUAGA 
775 GGGCAAU COGADGAGGCCGAAAGGCCGAA ADCCCAA 
778 ACAGGGC COGADGAGGCCGAAAGGCCGAA ADGADCC 
801 AAGGDOG COGADGAGGCCGAAAGGCCGAA ADGUUCG 

808 GUOOGGG COGADGAGGCCGAAAGGCCGAA AGGDDGG 

809 CGODDGG COGADGAGGCCGAAAGGCCGAA AAGGOCG 
820 GGCAGGG COGADGAGGCCGAAAGGCCGAA AGGCGUU 
833 ADAAAGG COGADGAGGCCGAAAGGCCGAA ADCGGGG 

837 GGOAADA COGADGAGGCCGAAAGGCCGAA AGGGADU 

838 GGGOAA0 COGADGAGGCCGAAAGGCCGAA AAGGGAU 

839 GGGGOAA COGADGAGGCCGAAAGGCCGAA AAAGGGA 

841 AGGGGGO COGADGAGGCCGAAAGGCCGAA ADAAAGG 

842 GAGGGGG COGADGAGGCCGAAAGGCCGAA AADAAAG 
849 OCDGAAG C0GAD3AGGCOGAAAGGCCGAA AGGGGGO 

852 G3G0C0G COGADGAGGCCGAAAGGCCGAA AGGAGGG 

853 GGDGOCU COGADGAGGCCGAAAGGCCGAA AAGGAGG 
863 AGAGGOO COGADGAGGCCGAAAGGCCGAA AGGGOG U 
8^9 GCCAGAA COGADGAGGCCGAAAGGCCGAA AGGDOGA 

871 GAGCCAG COGADGAGGCCGAAAGGCCGAA AGAGGDD 

872 OGAGCCA COGADGAGGCCGAAAGGCCGAA AAGAGGU 
878 OCUUUUU COGADGAGGCCGAAAGGCCGAA AGCCAGA 
890 AGCCCCC COGADGAGGCCGAAAGGCCGAA ADU CUC U 

898 CGACCCO COGADGAGGCCGAAAGGCCGAA AGCCCCC 

899 CCGACCC COGADGAGGCCGAAAGGCCGAA AAGCCCC 
904 GGGOOCC COGADGAGGCCGAAAGGCCGAA ACCCDAA 
517 AAGOCOT COGADGAGGCCGAAAGGCCGAA AGCDDGG 
918 AAAGOOC COGADGAGGCCGAAAGGCCGAA AAGCODG 

924 ODGCODA COGADGAGGCCGAAAGGCCGAA AGUUCUA 

925 GUUGOJU COGADGAGGCCGAAAGGCCGAA AAGODCD 
^26 DGUOGCO COGADGAGGCCGAAAGGCCGAA AAAGOOC 

945 GGOOOCG COGADGAGGCCGAAAGGCCGAA AGDGGCG 

946 AGGOODC COGADGAGGCCGAAAGGCCGAA AAGOGGU 
959 ADDCCOG COGADGAGGCCGAAAGGCCGAA ADCCCAG 
5^0 CADUCCU COGADGAGGCCGAAAGGCCGAA AADCCCA 
1001 GAADOCO COGADGAGGCCGAAAGGCCGAA AGOGGD D 

1007 CAGOOOG OJGADGAGGCCGAAAGGCCGAA ADOCOOA 

1008 CCAGOOU COGADGAGGCCGAAAGGCCGAA AADDCDU 
1021 AGDDCOG COGADGAGGCCGAAAGGCCGAA AGGCCCC 
1029 CCCCAGU COGADGAGGCCGAAAGGCCGAA AGOOCOG 
1040 . AAAGCOG COGADGAGGCCGAAAGGCCGAA AGGCCCC 

1046 GGGADCA COGADGAGGCCGAAAGGCCGAA AGCOGUA 

1047 AGGGADC COGADGAGGCCGAAAGGCCGAA AAGCCGU 
1051 OGOCAGG COGADGAGGCCGAAAGGCCGAA ADGAAAG 
1060 GADDCCA COGADGAGGCCGAAAGGCCGAA ADGUCAG 
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1067 GUCUCCA CUGADGAGGCCGAAAGGCCGAA AUUCCAG 

1085 AGAACCA OT2ADGAGGCCGAAAGGCCGAA AGGCUCC 

1086 CAGAACC CUGADGAGGCCGAAAGGCCGAA AAGGCUC 

1090 UGGCCAG CUGADGAGGCCGAAAGGCCGAA ACCAAAG 

1091 CUGGCCA CUGADGAGGCCGAAAGGCCGAA AACCAAA 
1113 UCUUCUC CUGADGAGGCCGAAAGGCCGAA AGUCCUG 
1124 UCUAGGU CUGADGAGGCCGAAAGGCCGAA AGGUCUU 
1129 CAADUUC CUGADGAGGCCGAAAGGCCGAA AGGUGAG 
1135 UUGUGUC CUGADGAGGCCGAAAGGCCGAA AUUUCUA 

1151 AAGGCCU CUGADGAGGCCGAAAGGCCGAA AGGUCCA 

1152 GAAGGCC CUGADGAGGCCGAAAGGCCGAA AAGGUCC 

1158 AGAGAGG CUGADGAGGCCGAAAGGCCGAA AGGCCUA 

1159 GAGAGAG CUGADGAGGCCGAAAGGCCGAA AAGGCOJ 
1162 CUGGAGA CUGADGAGGCCGAAAGGCCGAA AGGAAGG 
1164 ADCUGGA CUGADGAGGCCGAAAGGCCGAA AGAGGAA 
1166 ACADCUG CUGADGAGGCCGAAAGGCCGAA AGAGAGG 

1174 GOCUGGA CUGADGAGGCCGAAAGGCCGAA ACADCUG 

1175 AGUCUGG CUGADGAGGCCGAAAGGCCGAA AACADCU 
U76 AAGUCUG CUGADGAGGCCGAAAGGCCGAA AAACADC 

1183 CDZAAGG CUGADGAGGCCGAAAGGCCGAA AGOCUGG 

1184 UCUCAAG CUGADGAGGCCGAAAGGCCGAA AAGUCUG 
1187 GUGUCUC CUGADGAGGCCGAAAGGCCGAA AGGAAGU 
1208 CCADGGG CUGADGAGGCCGAAAGGCCGAA AGGGCUG 
1224 ADAGAGG CUGADGAGGCCGAAAGGCCGAA AGCUGGC 
1228 AUAAAUA CUGADGAGGCCGAAAGGCCGAA AGGGAGC 
1230 ACADAAA CUGAD3AGGCCGAAAGGCCGAA AGAGGGA 

1232 AAACADA CUGADGAGGCCGAAAGGCCGAA ADAGAGG 

1233 CAAACAU CUGADGAGGCCGAAAGGCCGAA AADAGAG 

1234 GCAAACA CUGADGAGGCCGAAAGGCCGAA AAADAGA 

1238 AAGUGCA CUGADGAGGCCGAAAGGCCGAA ACADAAA 

1239 CAAGUGC CUGADGAGGCCGAAAGGCCGAA AACADAA 
1245 UAADCAC CUGADGAGGCCGAAAGGCCGAA AGUGCAA 

1251 AADAAAU CUGADGAGGCCGAAAGGCCGAA ADCACAA 

1252 UAADAAA CUGADGAGGCCGAAAGGCCGAA AADGACA 

1254 AADAADA CUGADGAGGCCGAAAGGCCGAA ADAADCA 

1255 AAADAAD CUGADGAGGCCGAAAGGCCGAA AADAATC 

1256 UAAADAA CUGADGAGGCCGAAAGGCCGAA AAADAAD 

1258 AADAAAD CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1259 AAADAAA CUGADGAGGCCGAAAGGCCGAA AADAAAU 

1261 ADAAADA CUGADGAGGCCGAAAGGCCGAA ADAADAA 

1262 AADAAAD CUGADGAGGCCGAAAGGCCGAA AADAADA 

1263 UAADAAA CUGADGAGGCCGAAAGGCCGAA AAADAAD 

1265 AADAADA CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1266 AAADAAU CUGADGAGGCCGAAAGGCCGAA AADAAAD 

1267 UAAADAA CUGADGAGGCCGAAAGGCCGAA AAADAAA 

1269 AADAAAD CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1270 AAADAAA CUGADGAGGCCGAAAGGCCGAA AADAAAD 

1272 ADAAADA CUGADGAGGCCGAAAGGCCGAA ADAADAA 

1273 AADAAAU CUGADGAGGCCGAAAGGCCGAA AADAADA 
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1274 AAAUAAA CUGADGAGGCCGAAAGGCCGAA AAAUAAU 

1276 GUAAAUA OOGADGAGGCCGAAAGGCCGAA AUAAAUA 

1277 UGUAAAU CUGADGAGGCCGAAAGGCCGAA AAUAAAD 

1278 CUGUAAA OJGAUGAGGCCGAAAGGCCGAA AAAUAAA 

1280 AUCUGUA CUGADGAGGCOSAAAGGCCGAA ADAAAOA 

1281 CADCUGU CTGADGAGGCCGAAAGGCCGAA AADAAAU 

1282 UCADCUG CUGADGAGGCCGAAAGGCCGAA AAAUAAA 
1294 AAAUAAA CDGATCAGGCCGAAAGGCCGAA ACADDCA 

1296 CCAAAUA CUGADGAGGCCGAAAGGCCGAA AUACADU 

1297 CCCAAAU CUGADGAGGCCGAAAGGCCGAA AAUACAD 

1298 UCCCAAA CCGADGAGGCCGAAAGGCCGAA AAAUACA 

1300 UCDCCCA CUGADGAGGCCGAAAGGCCGAA AUAAAUA 

1301 GUCUCCC CUGADGAGGCCGAAAGGCCGAA AAUAAAU 
1315 CCCAGGA CUGADGAGGCCGAAAGGCCGAA ACCCCGG 
1317 CCCCCAG CUGADGAGGCCGAAAGGCCGAA AUACCCC 
1334 CAGCUCC CUGADGAGGCCGAAAGGCCGAA ACAUUGG 
1345 CDGAGCC CUGADGAGGCCGAAAGGCCGAA AGGCAGC 
1350 CAUGUCU CUGADGAGGCCGAAAGGCCGAA AGCCAAG 

1359 CACGGAA CUGADGAGGCCGAAAGGCCGAA ACADGUC 

1360 UCACGGA CUGADGAGGCCGAAAGGCCGAA AACADGU 

1361 UUCACGG CUGADGAGGCCGAAAGGCCGAA AAACADG 

1362 UUUCACG CUGADGAGGCCGAAAGGCCGAA AAAACAU 
1386 AACAGCC CUGADGAGGCCGAAAGGCCGAA ADUGUUC 

1393 ACADGGG CDGAUGAGGCCGAAAGGCCGAA ACAGCCU 

1394 UACADGG CUGADGAGGCCGAAAGGCCGAA AACAGCC 
1401 AGGGGGC CUGADGAGGCCGAAAGGCCGAA ACADGGG 
1414 AGGCACA CUGADGAGGCCGAAAGGCCGAA AGGCCAG 

1422 UCAAAAG CUGADGAGGCCGAAAGGCCGAA AGGCACA 

1423 AUCAAAA CUGADGAGGCCGAAAGGCCGAA AAGGCAC 

1425 UAAUCAA CUGADGAGGCCGAAAGGCCGAA AGAAGGC 

1426 ADAADCA CUGADGAGGCCGAAAGGCCGAA AAGAAGG 

1427 CADAADC CUGADGAGGCCGAAAGGCCGAA AAAGAAG 

1431 AAAACAU CUGADGAGGCCGAAAGGCCGAA AUCAAAA 

1432 AAAAACA CUGADGAGGCCGAAAGGCCGAA AAUCAAA 

1436 UUUAAAA CUGADGAGGCCGAAAGGCCGAA ACAUAAU 

1437 UUUUAAA CUGADGAGGCCGAAAGGCCGAA AACADAA 

1438 ADUUUAA CUGADGAGGCCGAAAGGCCGAA AAACADA 

1439 UAUUUUA CUGADGAGGCCGAAAGGCCGAA AAAACAU 

1440 AUAUUUU CUGADGAGGCCGAAAGGCCGAA AAAAACA 

1441 AAUAUUU CUGADGAGGCCGAAAGGCCGAA AAAAAAC 
1446 CAGAUAA CUGADGAGGCCGAAAGGCCGAA ADUUUAA 

1448 AUCAGAU CUGADGAGGCCGAAAGGCCGAA AUAUUUU 

1449 AAUCAGA CUGADGAGGCCGAAAGGCCGAA AAUAUUU 
1451 UUAAUCA CUGADGAGGCCGAAAGGCCGAA ADAAUAU 

1456 ACAACUU CUGADGAGGCCGAAAGGCCGAA ADCAGAU 

1457 GACAACU CUGADGAGGCCGAAAGGCCGAA AAUCAGA 
1461 DDUAGAC CUGADGAGGCCGAAAGGCCGAA ACUUAAU 
1464 UUGUUUA CUGAUGAGGCCGAAAGGCCGAA ACAACUU 
1466 CAUUGUU CUGADGAGGCCGAAAGGCCGAA AGACAAC 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 PCT/IB95/00156 

249 

1479 GOCACCA CDGADGAGGCCGAAAGGCCGAA ADCAGCA 

1480 GGDCACC CDGADGAGGCCGAAAGGCCGAA AADCAGC 
1494 AADGAGD CDGADGAGGCCGAAAGGCCGAA ACAGDDG 
1498 CAGCAAD CDGADGAGGCCGAAAGGCCGAA AGOGACA 
1501 CCDCAGC CDGADGAGGCCGAAAGGCCGAA ADGAGOG 
1512 GGGAGCA CDGADGAGGCCGAAAGGCCGAA AGGCCCC 
1517 CCCDGGG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 
1528 CAGACAC CDGADGAGGCCGAAAGGCCGAA ACDCCCD 
1533 GADDACA CDGADGAGGCCGAAAGGCCGAA ACACAAC 
1537 GGCCGAD CDGADGAGGCCGAAAGGCCGAA ACAGACA 
1540 GDAGGCC CDGADGAGGCCGAAAGGCCGAA ADDACAG 
1546 DGAADAG CDGADGAGGCCGAAAGGCCGAA AGGCCGA 
1549 CACOGAA CDGADGAGGCCGAAAGGCCGAA AGDAGGC 

1551 GOCACDG CDGADGAGGCCGAAAGGCCGAA ADAGDAG 

1552 CGCCACD CDGADGAGGCCGAAAGGCCGAA AADAGQA 
1566 CAACCDD CDGATOAGGCCGAAAGGCCGAA ADDDCOC 
1572 CCOAAGC CDGADGAGGCCGAAAGGCCGAA ACCDDDA 

1576 CODDCCD CDGADGAGGCCGAAAGGCCGAA AGCAACC 

1577 UOIUUCC CDGADGAGGCCGAAAGGCCGAA AAGCAAC 
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Table 25: Mouse TNF-a HH Target Sequences 



nt . HH Target Sequence 
Position 

66 UgGAAAU a GcucCcA 

101 GGCAGGU U CUgUcCC 

101 GGCAGgU'u CuGUccC 

102 GCAGGUU C UgUcCCU 
102 gCAGgUU c ugUOCCU 
106 GUUCOgU c CCUuUCA 

110 UgUcCCU u UCACucA 

111 gCCcCUU u CaCOCAC 

111 * guCCCuU u CACuCAc 

112 * UcCCUuU C ACucACU 
116 UuUCACU C AcUGgcc 
137 GCCaCAU C uCCcDCc 
139 caCAuCU C CCUCcAg 
177 GCADGAU C CGcGACG 
207 AGGCaCU C CCCcAaA 
228 GGGGCuU C CAGAACU 
228 GGGGCuU c CAGaacU 
236 CAGaaCU C CAGGCGG 
236 CAGaACU c cAGgcGg 
249 GGugCCD a UgUCUcA 
249 GGuGCCU a UGucUCa 

261 UCAGCCU C UOCUCaU 

261 UCAgCCU C UUCOcau 

263 AGCCUC U U CDCaDUC 

263 AgCCUCU U CUcauUC 

264 GCCDCUU C UCaDOCC 
264 gCCOCUU C UcauDCc 
266 CUCUUCU C aUCCCUG 

269 DDCDCaU U CCOGcDu 

270 UCOCaUU C CUGcUuG 
276 UCCUGcU u GUGGCAG 
297 CCACGCU C UUCOGuC 

299 ACGCUCO U CUGuCUa 

300 CGCUCUU C UGuCUaC 
304 COuCUgU c uAcUGaa 
306 UcUGUcU a cOgAAcO 

314 COGaACU U cGGgGUG 

315 UGaACUU c GGgGUGA 
315 uGaaCUU c GGGguGa 
324 gGGOGaU c GgUCCcC 



at . HH Target Sequence 

Position 



324 GgGUGAU C GGuCCCC 

347 GAGAagU u cCCAaaU 

364 CCUCcCU C UcAOCAG 

366 GCcCOCU c ADCAGuu 

366 UcCCDCU C auCAGuU 

369 CUCUcAU C AGuuCOa 

376 CAGuuCU a OGGCCCA 

390 AgACCCU C AcaCUcA 

396 ucaCActJ C AGADCAU 

401 cOCAGAU C AD C UUC U 

404 AGADCAU C U UC U CaA 

406 ADCADCU U COCaAAa 

406 AUcAUcU U cUcaAAA 

407 UCADCUU C UCaAAau 
409 AUOJUCU C aAAauuC 
409 AuCuuCU c AaAADUC 
409 aUcUUcU c AAAauOc 
432 AGCCUGU A GCCCAcG 



444 AcGUcGU A GCAAACC 

501 AcGCCCQ C CDGGCCA 

560 gGgUUGU a CCUuguC 

560 GGguUGU A CCUugUC 

564 UGUACCU u gUCUACU 

567 ACCUugU C UACUCCC 

569 CUugUCU A CUOCCAG 

572 gUCDACa C CCAGGUu 

572 GUCUaCU c CCAGguu 

572 GuCUacU C CCAgGUu 

579 CCCAGGU u COCUUCA 

580 CCAGguU c uCUUcAa 
580 CCaGGuU c UCuUcaa 
582 AGGUUCU C UUCaagg 
582 AGGOuCU C UUCAAGG 

584 GUuCUCU U CAAGGGa 

585 UuCUCOU C AAGGGaC 
608 CcCGaCU a CgugCOC 
615 aCgUGcU C CUCAcCC 
615 AcGTOCU C CUCACCC 
€18 UGCUCCU C ACCCACA 
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630 


ACACCgU C AGCCSau 


940 


630 


ACACCgU C AgCCgaU 


943 


638 


agcCgAU u uGCUaUc 


972 


643 


aUUUGcU a uCOcAiiA 


972 


645 


UuGCuaU C UCaUACC 


973 


647 


GCuaUCD C aUACCAG 


984 


663 


agAAaGU C AACCUCC 


984 


669 


UCAACCU C CUCUCUG 


985 


669 


UcAAccU c cUcCCCG 


997 


672 


ACCUCCU C UCUGCCg 


1010 


674 


CUCCDCU C UGCCgUC 


1017 


681 


cUGCCgU C AagaGcC 


1018 


681 


CUGCCgtf c AAGAGCC 


1019 


681 


COGcCgU C aaGAgcC 


1073 


734 


CCCOGGO A UGAGCCC 


1096 


734 


CccUGGU a ugaGCCc 


1106 


744 


AGCCCAU a UAcCOGG 


1107 


746 


CCCADaU A cCUGGGA 


1108 


759 


GAgGAGU C uuCCAGc 


1115 


759 


GAGGaGU C UUCCAGC 


1133 


761 


GGaGUCU TJ CCAGCDG 


1164 


762 


GaGUCUU C CAGCUGG 


1180 


786 


ACCaACU C AGCGCOG 


1203 


798 


CUGAGgU C AAUCuGC * 


1210 


802 


GgUCAAH C uGCCCaA 


1211 


812 


CCCaAgU A cuUaGAC 


1214 


816 


AgUAcuU a GACUUUG 


1218 


821 


uUaGAOJ U UGCgGAG 


1213 


822 


UaGACUU V GCgGAGU 


1218 


830 


GCgGAGU C cGGGCAG 


1218 


840 


GGCAGG0 C UACDUOG 


1219 


842 


CAGGDCU A CUUUGGa 


1219 


842 


CAGgucU a CUUugGA 


1226 


842 


cagGuCa a CUUUgGA 


1226 


845 


GUCUACU U UGGagDC 


1227 


846 


UCDACUU U GGagUCA 


1227 


852 


UUGGagtX C ADDGCuC 


1228 


855 


GagUGAD U GCuCDGU 


1238 


887 


ADCCaUU c ucUACCC 


1262 


891 


AuucuCU a CCCaGCC 


1283 


905 


CCcCaCa C UgaCCCC 


1283 


905 


cCCCaca c DgACCCC 


1285 


905 


CcCCACU c uGAccCC 


1287 


914 


GAcCCcU U uacUCUG 


1287 


915 


ACCCCuU u acUCuGA 


1288 


919 


COUUAcU c ugaCCcC 


1289 


928 


GACCcCU u UaOugOC 


1293 


928 


gAcCCCU U UADUguC 


1293 


932 


CCUUUAU U guCuaCU 


1294 



GuCUACU c cCCAGaG 
UACUccU C AGaGcCc 
UCUaaCU u AgAAAGg 
ucUaaCU u AGAaAgG 
CUaACuU A GAAAggG 
AGgGgAU U auGGcuc 
AGGGgaU U aUGgCUc 
GGGGauU a uGGcUCa 
CcAGAgU c CAAcucu 
CuguGCa c AGAgCUU 
cAGAgOJ a UcAaCAA 
AGAgCUU U cAaCAAC 
GAgCDCU c AaCAACu 
UgGGCCU c ucADgCA 
AAGgAcU C AAAugGG 
aCGGGcU U uccGAAU 
UGGGcUU U ccGAAUu 
GGgCuDU c cGaaUUC 
CcGAAuU C ACDGGaG 
CGAAugQ C CAuuCcU 
gagCGgU c AgGODGc 
UcUgUcU c agaAUGA 
aaGAnCU c AGGCCUU 
cAGGCCU U CCUacCU 
AGGCCUU C CUacCUu 
CCUCCCU a cCUuCAG 
CcuACcU u CaGACCu 
COiaCCU U CAGACcu 
cCuACcU u cAgACCU 
CCUacCU u CAGAccU 
CuaCCUU C AGACcuu 
CuAcCUU c agACcUU 
CagACCU U uCCAgAC 
CAGAccU U UCCAGAC 
agACCUU u CCAgACu 
AGAccUU U CCAGACU 
GAccUUU C CAGACUc 
gACTCuU c cCUGAGG 
CAGCCuU C CuCAcaG 
CCCCccO C uaUUUAU 
cCcCCCU C UAUUUAU 
cCCCUCU A UUUAUaU 
CcuCUACJ u UauAuUU 
CCUCUAU U UAUaUUU 
CDCUAUU 0 AUaUUUG 
UCUAUUU A UaUUUGC 
UUOAOaU U UGCACUU 
uUUaUaU u UGcAcUu 
UUAUaUU U GCACUUa 
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1300 


UUGCACU U aUuADUu 


1462 


1303 


CAcuUaU u AuUuADU 


1470 


1304 


acUuADU A UUUAUUA 


1472 


1306 


UuAUUAU U UALJUAUU 


1473 


1307 


UAUUAUU U AUUAUUU 


1474 


1307 


UaUUaUU U AuuADuCJ 


1478 


1308 


ADUADUU A UUAUUUA 


1479 


1310 


UauUuAU U AUUUADU 


1479 


1310 


UAUUUAU U AUUUAUU 


1484 


1310 


UAUUUAU U AUUUAUU 


1498 


1311 


AUUUAUU A UUUAUUU 


1511 


1311 


AUUUAUU A UUUAUUU 


1514 


1311 


AuuUAUU A UuUauUU 


1516 


1313 


uuauuaU U UADUUAU 


1529 


1313 


. UUAUUAU U UADUUAU 


1529 


1313 


uUAUUAU u UauUUAu 


1530 


1314 


UADUADU U AUUUAUU 


1530 


1314 


UADUADU U AUUUAUU 


1563 


1315 


AOUADUU A UUUAUUA 


1563 


1317 


UADUUAU U UAUUAUU 


1568 


1318 


AUUUAUU U ADUADUU 


1589 


1319 


UUUAUUU A UUAUUUA 


1592 


1326 


ADUADUU A UUUAUUU 


1617 


1328 


UADUUAU U UADUUgC * 


1623 


1329 


AUUUAUU U ADUUgCu 


1633 


1330 


UUUAUUU A UUUgCuu 


25 


1332 


UADUUAU U UgCuuAU 




1333 


AUUUAUU U gCuuAUG 




1337 


auUUGCU U AuGAAuG 




1338 


UUUGCUU A uGAAuGu 




1346 


UGAADGU A UUUAUUU 




1348 


AADGUAD U UAUUUGG 




1349 


ADGUADU U AUUUGGa 




1350 


UUJAUUU A UUUGGaA 




1352 


uAUuUAU u OGGaAGG 




1352 


UADUUAU U DGGaAGg 




1353 


AUUUAUU U GGaAGgC 




1369 


GGGGUgU C CDGGaGG 




1398 


gCUguCU U cAGACAg 




1398 


GCUGuCU U cagaCAG 




1412 


GACAUGU U UUCuGUG 




1413 


ACADGUU U UCuGUGA 




1414 


GADGUUU U CuGUGAA 




1415 


' ADGUUUU C UGUGAAA 




1415 


AUGUUUU c UgugAaA 




1438 


gaGCTCU c CCCAccU 




1451 


CDGGCCU C UcUaCCU 




1453 


ggCCUCU C UaCCuUG 





aCCuUGU u GCCuCCU 
GccuCcU C UUUUGcU 
cuCcUCU U UUGcUUA 
uCcUCUU U UGcUUAU 
CcUCUUU U GcUUAUG 
UUUUGcU U' AUGUUUa 
UUUGcUU a UGuuuAa 
UUUGcUU A UGUUUaa 
UUADGUU U aaaAcAA 
AAAuauU U AUCUaAc 
AcccAaU U GUCUuAA 
cAaUUGU C UuAAuAA 
aUOGUCU u AAuAAcG 
CgcugAU u UGGuGAC 
cGCUGAU U UGGUGAC 
gCUGAUU u gGUgacC 
GCUGAUU U GGUGACC 
UgaAcCU c UGcTCCC 
ugaaCCU C UGCDCCC 
CUCDGCU C CCCAcGG 
UGaCUGU A ADuGcCC 
CUGUAAU u GcCCUAC 
GAGAAAU A AAGaUcG 
UAAAGaU c GCUUAaa 
DUAaaaU a aaAAaCC 
AgGgaCU a gCCagGA 
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Table 26: Mouse TNF-a H amme rhead Ribozyme Sequences 



nt . House HE Ribozyme . Sequence 

Position 

25 DCCDGGC CUGAIX^GGCCGAAAGGCCGAA AGUCCCU 

65 UGGGAGC CUGADGAGGCCGAAAGGCCGAA AUUUCLA 

101 GGGACAG OJGADGAGGCCSAAJUGGCCGAA ACCGGCC 

101 GGGACAG CUGADGAGGCCGAAAGGCCGAA ACCUGCC 

102 AGGGACA CDGADGAGGCCGAAAGGCCGAA AACCOGC 
102 AGGGACA CUGAUGAGGCCGAAAGGCCGAA AACCOGC 
106 UGAAAGG CUGADGAGGCCGAAAGGCCGAA ACAGAAC 

110 UGAGOGA CXX3ADGAGGCCGAAAGGCOGAA AGGGACA 

111 GUGAGUG CUGADGAGGCCGAAAGGCCGAA AAG3GAC 

111 GDGAGOG CUGAD3AGGCCGAAAGGCCGAA AAGGGAC 

112 AGUGAGU CUGADGAGGCCGAAAGGCCGAA AAAGGGA 
Ho GGCCAGa CUGADGAGGCCGAAAGGCCGAA AGDGAAA 
137 GGAGGGA CUGADGAGGCCGAAAGGCCGAA ADGUGGC 
135 C0GGAGG CT3ADGAGGCCGAAAGGCCGAA AGADGCG 
177 CGUCGCG CUGAUGAGGCCGAAAGGCCGAA ADCADGC 
207 UUGGGGG CUGADGAGGCCGAAAGGCCGAA AGUGCCU 
228 AGUUCUG CUGADGAGGCCGAAAGGCCGAA AAGCCCC 
228 AGUUCUG CUGADGAGGCCGAAAGGCCGAA AAGCCCC 
236 CCGCCUG CUGADGAGGCCGAAAGGCCGAA AGUUCUG 
236 CCGCCUG CUGADGAGGCCGAAAGGCCGAA AGUUCUG " 
249 CGAGACA CUGADGAGGCCGAAAGGCCGAA AGGCACC 
249 UGAGACA CUGADGAGGCCGAAAGGCCGAA AGGCACC 

261 AUGAGAA CUGADGAGGCCGAAAGGCCGAA AGGCUGA 

261 AUGAGAA CUGADGAGGCCGAAAGGCCGAA AGGC U GA 

263 GAADGAG CUGADGAGGCCGAAAGGCCGAA AGAGGCU 

263 GAADGAG CUGADGAGGCCGAAAGGCCGAA AGAGGCU 

264 GGAADGA CUGADGAGGCCGAAAGGCCGAA AAGAGGC 
264 GGAADGA CUGADGAGGCCGAAAGGCCGAA AAGAGGC 
26c CAGGAAD CUGADGAGGCCGAAAGGCCGAA AGAAGAG 

269 AAGCAGG CUGADGAGGCCGAAAGGCCGAA ADGAGAA 

270 CAAGCAG CUGADGAGGCCGAAAGGCCGAA AADGAGA 
276 CUGCCAC CUGADGAGGCCGAAAGGCCGAA AGCAGGA 
297 GACAGAA CDGADGAGGCCGAAAGGCCGAA AGCGUGG 

299 UAGACAG CUGADGAGGCCGAAAGGCCGAA AGAGCGU 

300 GUAGACA CUGADGAGGCCGAAAGGCCGAA AAGAGCG 
304 UUCAGUA CUGADGAGGCCGAAAGGCCGAA ACAGAAG 
306 AGUUCAG CUGADGAGGCCGAAAGGCCGAA AGACAGA 

314 CACCCCG CUGADGAGGCCGAAAGGCCGAA AGUUCAG 

315 UCACCCC CUGADGAGGCCGAAAGGCCGAA AAGUUCA 
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315 
324 
324 
347 
364 
366 
366 
.369 
376 
390 
396 
401 
404 
406 
406 
407 
409 
409 
409 
432 



444 

501 

560 

S60 

564 

557 

569 

572 

572 

S72 

579 

530 

580 

532 

582 

534 

585 

608 

615 

615 

618 

630 

630 

638 

643 

645 

647 
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UCACCCC COGADGAGGCCGAAAGGCCGAA AAGUUCA 
GGGGACC CUGADGAGGCCGAAAGGCCGAA ADCACCC 
GGGGACC COGADGAGGCCGAAAGGCCGAA ADCACCC 
A POOG GG COGADGAGGCCGAAAGGCCGAA ACOUCOC 
CCGADGA OTGAOGAGGCCGAAAGGCCGAA AGGGAGG 
AACOGAU COGAIXSAGGCCGAAAGGCCGAA AGAGGGA 
AACOGAD COGADGAGGCCGAAAGGCCGAA AGAGGGA 
UAGAACU CUGADGAGGCCGAAAGGCCGAA ACGAGAG 
OGGGCCA COGADGAGGCCGAAAGGCCGAA AGAACOG 
OGAGCGU COGADGAGGCCGAAAGGCCGAA AGGG o C U 
ADGADCU CDGADGAGGCOSAAAGGCCGAA AGCGUGA 
AGAAGA0 COGADGAGGCCGAAAGGCCGAA ADCCGAG 
UOGAGAA COGADGAGGCCGAAAGGCCGAA AD G A LiC U 
UUUUGAG COGADGAGGCCGAAAGGCCGAA AGADGAU 
UUUOGAG COGADGAGGCCGAAAGGCCGAA AGADGAU 
AUUUUGA COGADGAGGCCGAAAGGCCGAA AAGADGA 
GAAuuuu COGADGAGGCCGAAAGGCCGAA AGAAGAD 
GAADDDU COGADGAGGCCGAAAGGCCGAA AGAAGAD 
GAAUUUU COGADGAGGCCGAAAGGCCGAA. AGAAGA0 
CGDGGGC COGADGAGGCCGAAAGGCCGAA ACAGGCO 



GGODDGC COGADGAGGCCGAAAGGCCGAA ACGACGU 
OGGCCAG COGADGAGGCCGAAAGGCCGAA AGGGCGU 
GACAAGG COGADGAGGCCGAAAGGCCGAA ACAACCC 
GACAAGG COGADGAGGCCGAAAGGCCGAA ACAACCC 
AGDAGAC COGADGAGGCCGAAAGGCCGAA AGGOACA 
GGGAGDA COGADGAGGCCGAAAGGCCGAA ACAAGGU 
COGGGAG COGADGAGGCCGAAAGGCCGAA AGACAAG 
AACCOGG COGADGAGGCCGAAAGGCCGAA AGDAGAC 
AACCOGG COGADGAGGCCGAAAGGCCGAA AGDAGAC 
AACCOGG COGADGAGGCCGAAAGGCCGAA AGDAGAC 
DGAAGAG COGADGAGGCCGAAAGGCCGAA ACCDGGG 
UOGAAGA COGADGAGGCCGAAAGGCCGAA AACCOGG 
DDGAAGA CTCADGAGGCCGAAAGGCCGAA AACCOGG 
CCOOGAA COGADGAGGCCGAAAGGCCGAA AGAACCD 
CCODGAA COGADGAGGCCGAAAGGCCGAA AGAACCD 
DCCCODG COGADGAGGCCGAAAGGCCGAA AGAGAAC 
GDCCCOU COGADGAGGCCGAAAGGCCGAA AAGAGAA 
GAGCACG COGADGAGGCCGAAAGGCCGAA AGOOGGG 
GGGDGAG COGADGAGGCCGAAAGGCCGAA AGCACGU 
GGGOGAG COGADGAGGCCGAAAGGCCGAA AGCACGU 
UGOGGGU COGADGAGGCCGAAAGGCCGAA AGGAGCA 
ADCGGCO COGADGAGGCCGAAAGGCCGAA ACGGDGD 
ADCGGCU COGADGAGGCCGAAAGGCCGAA ACGGDGD 
GAUAGCA COGADGAGGCCGAAAGGCCGAA ADCGGCU 
UADGAGA OJGAD3AGGCCGAAAGGCCGAA AGCAAAD 
GGDADGA COGADGAGGCCGAAAGGCCGAA ADAGCAA 
COGGDAU COGADGAGGCCGAAAGGCCGAA AGADAGC 
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663 GGAGGOU COGADGAGGCCGAAAGGCCGAA ACOUUCU 

669 CAGAGAG OXSAOGAGGCCGAAAGGCCGAA AGGoUGA 

669 CAGAGAG COGADGAGGCCGAAAGGCCGAA AGGOTGA 

672 CGGCAGA COGADGAGGCCGAAAGGCCGAA AGGAGGO 

674 GACGGCA COGADGAGGCCGAAAGGCCGAA AGAGGAG 

. 681 GGCOCUU COGADGAGGCCGAAAGGCCGAA ACGGCAG 

681 GGCDCOU COGADGAGGCCGAAAGGCCGAA ACGGCAG 

631 GGCOCOO COGADGAGGCCGAAAGGCCGAA ACGGCAG 

734 GGGCOCA COGADGAGGCCGAAAGGCCGAA ACCAGGG 

734 GGGCOCA OJ3ADGAGGCCGAAAGGCCGAA ACCAGGG 

744 CCAGGOA COGADGAGGCCGAAAGGCCGAA ADGGGCO 

746 OCCCAGG COGADGAGGCCGAAAGGCCGAA AEAEGGG 

759 GCOGGAA COGADGAGGCCGAAAGGCCGAA ACOCCGC 

759 GCOGGAA COGADGAGGCCGAAAGGCCGAA ACCCCCC 

761 CAGCOGG COGADGAGGCCGAAAGGCCGAA AGACOCC 

762 CCAGCOG COGADGAGGCCGAAAGGCCGAA AAGACOC 
786 CAGCGCO COGADGAGGCCGAAAGGCCGAA AGOCGGtf 
798 GCAGADO COGADGAGGCCGAAAGGCCGAA ACCOCAG 
802 DOGGGCA COGADGAGGCCGAAAGGCCGAA ADOGACC 
812 GOCOAAG COGADGAGGCCGAAAGGCCGAA ACODGGG 
816 CAAAGOC COGADGAGGCCGAAAGGCCGAA AAGOACJ 

821 COCCGCA COGADGAGGCCGAAAGGCCGAA AGOCCAA 

822 ACOCCGC COGADGAGGCCGAAAGGCCGAA AAGCCGA 
830 COGCCCG COGADGAGGCCGAAAGGCCGAA ACOCCGC 
840 CAAAGOA COGADGAGGCCGAAAGGCCGAA ACCOGCC 
842 DCCA AAG COGADGAGGCCGAAAGGCCGAA AGACCCG 
842 DCCAAAG COGADGAGGCCGAAAGGCCGAA AGACCCG 
842 DCCAAAG COGADGAGGCCGAAAGGCCGAA AGACCCG 

845 GACOCCA COGADGAGGCCGAAAGGCCGAA AGUAGAC 

846 OGACOCC COGADGAGGCCGAAAGGCCGAA AAGUAGA 
852 GAGCAAD COGADGAGGCCGAAAGGCCGAA ACOCCAA 
855 ACAGAGC C0GAO3AGGCCGAAAGGCCGAA ADGACOC 
887 GGGOAGA COGADGAGGCCGAAAGGCCGAA AADGGAD 
891 GGCOGGG COGADGAGGCCGAAAGGCCGAA AGAGAAD 
905 GGGGOCA COGADGAGGCCGAAAGGCCGAA AGOGGGG 
905 GGGGOCA COGADGAGGCCGAAAGGCCGAA AGOGGGG 
905 GGGGOCA COGADGAGGCCGAAAGGCCGAA AGOGGGG 

914 CAGAGOA COGADGAGGCCGAAAGGCCGAA AGGGGCC 

915 OCAGAGO COGADGAGGCCGAAAGGCCGAA AAGGGGO 
919 GGGGOCA COGADGAGGCCGAAAGGCCGAA AGUAAAG 
928 GACAADA COGADGAGGCCGAAAGGCCGAA AGGGGCC 
928 GACAADA COGADGAGGCCGAAAGGCCGAA AGGGGOC 
932 AGUAGAC COGADGAGGCCGAAAGGCCGAA ADAAAGG 
940 COCOGAG COGADGAGGCCGAAAGGCCGAA AGUAGAC 
943 GGGCOCO COGADGAGGCCGAAAGGCCGAA AGGAGUA 
572 CCOOOCO COGADGAGGCCGAAAGGCCGAA AGOUAGA 

972 CCODOCU COGADGAGGCCGAAAGGCCGAA AGOUAGA 

973 CCCOUOC COGADGAGGCCGAAAGGCCGAA AAGUUAG 
584 GAGCCAD COGADGAGGCCGAAAGGCCGAA ADCCCCU 
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984 GAGCCAU COGADGAGGOCGAAAGGCCGAA ADCCCCO 

985 CGAGCCA QXSAIR3AGGCCGAAAGGCCGAA AADCCCC 
997 AGAGOOG CtKSAjDGAGGCCGAAAGGCCGAA ACOCCGA 
1010 AAGCUCU CTCATOAGGCCGAAAGGCCGAA AGCACAG 
1017 UOGUUGA CDGATOAGGCCGAAAGGCCGAA AGCOCOG 
1013 GTOGUGG COGADGAGGOCGAAAGGCCGAA AAGCDCU 
1019 AGUUGUU CX7GADGAGGCGGAAAGGCCGAA AAAGCCC 
1073 OGCADGA OX3ADGAGGCXGAAAGGCCGAA AGGCCCA 
1096 CCCADOU OTGADGAGGCCGAAAGGCCGAA AGOCCOU 
U06 ADOOGGA OTGAIXSAGGOCXSAAAGGCCGAA AGOCCAU 
1107 AADOCGG CTGADGAGGCCGAAAGGCCGAA AAGCCCA 
U08 GAADOCG C0GAIX3AGGCCGAAAGGCCSAA AAAGCCC 
1HS C0CCAGO CTGADGAGGCCGAAAGGCCGAA AADOCGG 
1133 AGGAADG OTGADGAGGCCGAAAGGCOSVA ACADOCG 
1164 GCAACCU aXSADGAGQCCGAAAGGOOGAA ACCACDC 
1180 OCAUUCU CDGAUGAGGCCGAAAGGCOGAA AGACAGA 
1203 AAGGCCa COGADGAGGCCGAAAGGCOGAA AGADCOO 

1210 AGGOAGG CTCADGAGGCCGAAAGGCCGAA AGGOCOG 

1211 AAGGOAG OTGADGAGGCCGAAAGGCOGAA AAGGCCO 
1214 COGAAGG aXSATOAGGCCGAAAGGCCGAA AGGAAGG 
1218 AGGOCDG COGADGAGGOCGAAAGGCCGAA AGGOAGG 
1218 AGGOCOG CDGAUGAGGCCGAAAGGCCGAA AGGOAGG 
1218 AGGOCOG CDGADGAGGGGGAAAGGCGGAA AGGOAGG 

1218 AGGOCOG C0GAU3AGGCOGAAAGGCCGAA AGGOAGG 

1219 AAGGOCO COGADGAGGCCGAAAGGCOGAA AAGGOAG 
1219 AAGGOCO COGA03AGGCOGAAAGGCGGAA AAGGOAG 
1226 GOCOGGA CTGADGAGGCCGAAAGGCCGAA AGGOCOG 

1226 GOCOGGA COGADGAGGOCGAAAGGCCGAA AGGOCOG 

1227 AGOCOGG COGADGAGGCOGAAAGGCOGAA AAGGOCO 

1227 AGOCOGG COGADGAGGOCGAAAGGCCGAA AAGGOCO 

1228 GAGOCOG COGADGAGGCCGAAAGGOCGAA AAAGGOC 
1238 CCDCAGG COGADGAGGOCGAAAGGCCGAA AAGAGOC 
1262 COGOGAG COGADGAGGCOGAAAGGCOGAA AAGGCOG 
1283 ADAAADA COGADGAGGOCGAAAGGCCGAA AGGGGGG 
1283 ADAAADA COGADGAGGOCGAAAGGCCGAA AGGGGGG 
1285 ADADAAA COGADGAGGCOGAAAGGCCGAA AGAGGGG 
1287 AAADADA COGADGAGGCOGAAAGGCOGAA ADAGAGG 

1287 AAADADA COGADGAGGOOGAAAGGOCGAA ADAGAGG 

1288 CAAADAU COGADGAGGCOGAAAGGCOGAA AADAGAG 

1289 GCAAADA COGADGAGGOCGAAAGGCCGAA AAADAGA 
1293 AAGOGCA CTGADGAGGCCGAAAGGCCGAA ADADAAA 

1293 AAGOGCA COGADGAGGCOGAAAGGCOGAA ADADAAA 

1294 DAAGOGC OX3ADGAGGCOGAAAGGCCGAA AADADAA 
1300 AAADAAU C0GAD3AGGCCGAAAGG00GAA AGOGCAA 

1303 AADAAAXJ COGADGAGGCOGAAAGGCOGAA ADAAGOG 

1304 DAADAAA COGADGAGGCOGAAAGGCOGAA AADAAGO 

1306 AADAADA COGADGAGGCOGAAAGGCOGAA ADAADAA 

1307 AAADAAU COGADGAGGOCGAAAGGCCGAA AADAADA 
1307 AAADAAXJ COGADGAGGCOGAAAGGCOGAA AADAADA 
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1308 UAAADAA COGADGAGGCCGAAAGGCCGAA AAADAAU 

1310 AADAAAU COGADGAGGCOGAAAGGCCGAA ADAAADA 

1310 AADAAAU COGADGAGGCOSAAAGGCCGAA ADAAADA 

1310 AADAAAU COGADGAGGCCGAAAGGCCGAA ADAAADA 

1311 AAADAAA COGADGAGGCCGAAAGGCCGAA AADAAAU 
1311 AAADAAA CUGATOAGGCCEAAAGGCCGAA AADAAAU 
1311 AAADAAA CDGADGAGGCOGAAAGGCOGAA AADAAAU 
1313 ADAAADA COGADGAGGCCGAAAGGCCGAA ADAADAA 
1313 ADAAADA COGADGAGGCCGAAAGGCCGAA ADAADAA 

1313 ADAAADA CDGADGAGGCCGAAAGGCOGAA ADAADAA 

1314 AADAAAU CUGAUGAGGCOGAAAGGCOGAA AADAADA 

1314 AADAAAU CDGADGAGGCCGAAAGGCOGAA AADAADA 

1315 DAADAAA CDGADGAGGCCGAAAGGCOGAA AAADAAU 

1317 AADAADA COGADGAGGCOGAAAGGCCGAA ADAAADA 

1318 AAADAAU COGADGAGGCCGAAAGGCCGAA AADAAAU 

1319 DAAADAA CDGADGAGGOCGAAAGGCCGAA AAADAAA 
1325 AAADAAA COGADGAGGCOGAAAGGCCGAA AAADAAU 

1328 GCAAADA CUGAUGAGGCOGAAAGGCOGAA ADAAADA 

1329 AGCAAAU COGAI7SAGGCCGAAAGGOCGAA AADAAAU 

1330 AAGCAAA COGADGAGGCOGAAAGGCCGAA AAADAAA 

1332 ADAAGCA CDGADGAGGOCGAAAGGCCGAA ADAAADA 

1333 CADAAGC CDGADGAGGCOGAAAGGCOGAA AADAAAU 

1337 CAUDCAU CDGADGAGGCOGAAAGGCOGAA AGCAAAU 

1338 ' ACADDCA CDGADGAGGCOGAAAGGCOGAA AAGCAAA 
1346 AAADAAA CDGADGAGGCOGAAAGGCOGAA ACADUCA 

1348 CCAAADA CDGADGAGGCOGAAAGGCOGAA ADACADU 

1349 DCCAAAD CDGADGAGGCCGAAAGGCOGAA AADACAD 

1350 DDCCAAA CDGADGAGGCOGAAAGGCOGAA AAADACA 
1352 CCDUCCA CDGADGAGGCOGAAAGGCOGAA ADAAADA 

1352 C CDDCCA CDGADGAGGCOGAAAGGCCGAA ADAAADA 

1353 GCCDDCC COGADGAGGCOGAAAGGCCGAA AADAAAD 
1369 CCOCCAG CDGADGAGGCOGAAAGGCOGAA ACACCCC 
1398 CbUUOJG COGADGAGGCOGAAAGGCCGAA AGACAGC 
1398 CDGDCDG C0GAD3AGGCOGAAAGGCGGAA AGACAGC 

1412 CACAGAA COGADGAGGCOGAAAGGCCGAA ACADGDC 

1413 DCACAGA CDGADGAGGCOGAAAGGCCGAA AACADGD 

1414 OOCAC AG CDGADGAGGCCGAAAGGCOGAA AAACADG 

1415 DDDCACA CDGADGAGGOCGAAAGGCCGAA AAAACAD 
1415 UOCCACA COGADGAGGCOGAAAGGCCGAA AAAACAD 
1438 AGGOGGG CDGADGAGGCCGAAAGGCOGAA ACAGCOC 
1451 AGGDAGA CDGADGAGGCCGAAAGGCOGAA AGGCCAG 
1453 CAAGGDA COGADGAGGCOGAAAGGCCGAA AGAGGCC 
1455 AACAAGG CDGADGAGGCOGAAAGGCOGAA AGAGAGG 
1462 AGGAGGC CDGADGAGGCOGAAAGGCOGAA ACAAGGD 
1470 AGCAAAA CDGADGAGGCOGAAAGGCOGAA AGGAGGC 

1472 DAAGCAA CDGADGAGGCOGAAAGGCCGAA AGAGGAG 

1473 ADAAGCA CDGADGAGGCOGAAAGGCCGAA AAGAGGA 

1474 CADAAGC CDGADGAGGOCGAAAGGCCGAA AAAGAGG 
1473 DAAACAU CDGADGAGGCOGAAAGGCOGAA AGCAAAA 
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1479 UDAAACA OJGADGAGGCCGAAAGGCCGAA AAGCAAA 

1479 DUAAACA CUGADGAGGCCGAAAGGCCGAA AAGCAAA 

1484 DCGUOUU CDGADGAGGCCGAAAGGCCGAA AACADAA 

1498 GOOAGAU OTGADGAGGCCGAAAGGCCGAA AAOADUU 

1511 UUAAGAC CDGADGAGGCCGAAAGGCCGAA ADDGGGD 

1514 DOADOAA CUGADGAGGOXAAAGGCCGAA ACAADOG 

1516 CGOUADU CDGADGAGGCCGAAAGGCCGAA AGACAA0 

1529 GDCACCA CDGADGAGGCCGAAAGGCCGAA ADCAGCG 

1529 GDCACCA CI3GADGAGGCCGAAAGGCCGAA ADCAGCG 

1530 GGDCACC CDGADGAGGCCGAAAGGCCGAA AADCAGC 
1530 GGOCACC COGATOAGGCCGAAAGGCCGAA AADCAGC 
1563 GGGAGCA CDGADGAGGCCGAAAGGCCGAA AGGU UCA 
1563 GGGAGCA CDGADGAGGCCGAAAGGCCGAA AGGU U CA 
1553 CCGOGGG OX3ADGAGGCCGAAAGGCCGAA AGCAGAG 
1589 GGGCAAD CDGADGAGGCCGAAAGGCCGAA ACAGTCA 
1592 GDAGGGC CDGADGAGGCCGAAAGGCCGAA ADDACAG 
1617 CGALKjJU CDGADGAGGCCGAAAGGCCGAA AUUUCU C 
1623 DDDAAGC CDGADGAGGCCGAAAGGCCGAA ADCDDUA 
1633 GGDDDDD CDGADGAGGCCGAAAGGCCGAA ADDDD AA 
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Table 29: Human bcr/abl HH Target Sequence 



Sequence 
XD NO. 

b2-a2 
junction 



EH Target Sequence 



20 
21 
22 



MGAMCXT TOC A3QG30CAGQA, 



Junction 



3 UMGQGBG UCC AAAAGXCDOC 

24 CDQ C2G0G3XAGCJ 

S CAAMGCDC IjOC AGGGGCX^GOA 
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Table 30: Hu m an bcr-abl HH Ribozyme Sequences 



Sequence EH Ribozyme Sequence 

ID No. 

GGCOOCOUCCO OXaDGAGGCCGAAAGGCCGAA ADTOATOGOCl 
AOJGGCCGCGG CQGADGAGGCCGAAAGGCCGAA AGCX3C3UCOOC 
EACOSGCCGCU aXSMK»CGCCSaAAGGCXX^ AAGGGC UUOJU 

GAAGGGCUUUU CDGAU3AGGCCGAAAGGCOGAA AACTCDGCDOA 
ACTCGCCGCDG CDGATOAGGCCGAAAGGCCGAA A GGGCUUUU GR 
CACOGGCCGaJ COGMXSAGGCCGAAAGGCCGAA AAGGGCUUUUG 



26 
27 
28 
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Table 31: RSV (IB) EH Target Sequence 



PCT/IB95/00156 



at . 


HH Target Sequence 


nt. 






Position 


10 


GGCAAAU A AADCAAn 


4 JO 


14 


AADAAAD C AAnnr*AG 




18 


AADCAAU U CAGCCAA 


«j 


19 


AOCAADU C AGCCAAC 




54 


CAADGAU A AUACACC 




57 


UGaIJAAIJ A CACCACA 


JUS 


77 


OGADGAU C ACAGACA 




94 


acajCcgu n Gnr*AmrT 


71*7 


97 


CCGOUGU C ACOOGAG 


71 0 


101 


UGUCACCJ 0 GAGACCA 




110 


AGACCAD A ADAA^!An 




113 


CCAUAAU A AP^nr^r* 


«3Z / 


118 


ADAACAU C ACHAAPP 


<3j / 


122 






134 


GAGACATT C iTTlinir 


340 


137 


ACADCAn A if ifTir** 


341 


148 


CAf^AAATT TT TT^T^^vm^ , 


350 


149 




356 


150 


CAAAnnrT & TT^rnifT n i 


357 


152 


A AT fl IT 1ATT 2 TTlifTTi v 


363 


154 


TTf Ft TAT T ATT A ^TTrw^ h rn> 


372 


157 


HTTATT& f"^ I TT f^TTTVTlTlfTr 

iiUiiUAjLJj U wUJLAAflJU 


375 


161 


II V'^TT » T> T\TTr »|>t Tr~" 

ALAJUVaAU A AAUCAuG 


380 


165 




383 


176 


AATJRr*3irT A fJ V'AfHTv 


385 


188 




391 


208 




396 


209 


CCACAUU U ACATjnnr 




210 


CACAJJ00 A CADDCCU 


402 


214 


0UUACA0 U CCOGGUC 


406 


215 


0OACADU c CDGGUCA 


410 


221 


0CCOGGU C AACQADG 


411 


226 


G0CAACU A UGAAADG 


412 


239 


OGAAACU A DUACACA 


421 


241 


AAACOAU U ACACAAA 


423 


242 


AACUADU A CACAAAG 


424 


251 


ACAAAGU A GGAAGCA 


432 


261 


AAGCAOJ A AAUATJAA 


434 


265 


ACC7AAATJ A QAAAAAA 


446 


267 


0AAAUAU A AAAAAUA 


448 


274 


AAAAAAU A UACUGAA 


454 



HH Target Sequence 

AAAADAU A C0GAAQA 
ACTJGAAD A CAACACA 
ACAAAAU A TJGGCAOJ 
UGGCACU U DCCC U AU 
GGCACU0 0 CCCOACG 
GCACuuu C CCCADGC 
UUUCCCU A OGCCAAU 
CGCCAAU A OOCACCA 
CCAADA0 U CADCAAU 
CAAUAOU' C A0CAA0C 
0AUUCAU C AADCADG 
CADCAAU C ADGADGG 
GADGGGU U C0UAGAA 
ACGGGUU C UTJAGAAU 
GGGUUCa U AGAAUGC 
GG0CCO0 A GAADGCA 
AACGCAU V GGCADUA 
UCGGCAU TJ AA GC C UA 
CGGCADU A AGCCUAC 
OAAGCCa A CAAAGCA 
AAAGCAU A OJOCCAU 
GCATJAOJ C CCAUAAU 
CWXXSUJ A AIJATJACA 
CCAJJAAU A TJACAAGU 
AOAAIJArj A CAAGOAU 
HACAAGU A TJQATJCCC 
GUADSAQ C UCAADCC 
ADGADCT C AAOCCAU 
TCOCAAU C CAUAAAU 
AADCCAU A AAOUUCA 
CADAAAU U UCAACAC 
AnAAAUU 0 CAACACA 
0AAAUOU C AACACAA 
ACACAAU A 0OCACAC 
ACAAUAU 0 CACACAA 
CAADAIJU C ACACAA0 
ACACAAU C 0AAAACA 
ACAADOJ A AAACAAC 
aACAACD C UA0GCA0 
CAACUCU A 0GCAUAA 
0ACGCA0 A ACUAUAC 
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/ICQ 


CAuAACU A tZACDOCA 




UAACUAU A CUCCADA 


463 


coAnacu c cadagoc 


467 


ACDCCAU A GUCCAGA 


470 


CCAOAGU C CAGADGG 


489 


CGAAAAD U ADAGOAA 


490 


GAAAADU A UAGUAAU 


492 


AAADTJ&TJ A GUAADUU 


495 


OUADAGU A ADOOAAA 
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Table 32: RSV (IB) HH Ribozyme Sequence 



nt. 
Position 

10 



HH Ribozyme Sequence 



ADDGAUa CTOADGAGGCCGAAAGGCCGAA ADUUGCC 
14 OXSAADU CUGADGAGGCCGAAAGGCCGAA ADUUADU 

18 UCGGCDG CUGADGAGGCCGAAAGGCCGAA ADUGAUU 

19 GUDGGCU QJGAOTAGGQCGAAAGGCCGAA AADCGAU 
54 GGUGUAU CTOAD3AGGCOGAAAGGCCGAA ACCADUG 
57 UGOGGCG CUGADGAGGCCGAAAGCXOGAA ADUABCA 

'77 DGOCOGa COGATOAGaXXS^^ ADCADCA 

54 AAGOSAC CTGA)DGaGGCCGAAAGGCCGaA ACGGUCU 

97 CTCAAGU CTOATOAGCXXXSUU^ ACAACGG 

101 T 3GGDCU C CDGAIX3AGGCCGAAAGGCOGAA AGOGACA 

110 AUUjuaU COSADSAGCXXXSAAAGGCOG^ ADG3DCU 

U3 GUGADGU COGAXX3U3GCOGAAAGGGOGAA ADOADGG 

118 GOTOAOT CO3ATCAGGCCGAAAGGC0GAA ADGUDAU 

122 COCTCOT CUGADGAGCXXGAAAGGCOaA AOTGADG 

134 GOGOTAU COGADGAGGCCGAAAGGCOGAA ADGUCUC 

137 TCOGDGCT COGADGAGGCCGAAAGGCCGAA ADGADGa 

148 GOADADA CDGADGAGGOOGAAAGGCOGAA ADUUGUG 

149 AGUADAU CTGADGAGGCCGAAAGGCCGAA A AUUU G U 

150 AAGOADA CTGADGAGGCCGAAAGGCGGAA AAADUOG 
152 OCAAGOA COGADGAGGCCGAAAGGODGAA AEAAADU 
154 UADCAAG COGAIX3AGGCCGAAAGGCCGAA AEADAAA 
157 AUOOADC COGADGAGGCCGAAAGGCCGAA AGUADAU 
161 CAPGAUU CUGADGAGGCCGAAAGGCCGAA ADCAAGU 
165 CAPUCAU CUGATCAGGCCGAAAGGCaGAA ADUOADC 
176 PUCUCAC COGATOAGGCCGAAAGGCCGAA ADGCADU 
188 UUOCAX3C CTGADGAGGCCGAAAGGCOGAA AGOTUOC 

208 GAAOSOA COGA DSAGGOCGAAAGGCCGAA ADGOGGC 

209 GGAADGU COGADGAGGCOjAAAGGCOGAA AADGOGG 

210 AGGAADG COGADGAGGCCGAAAGGCOGAA AAADGOG 

214 GACCAGG COGADGAGGCOGAAAGGCCGAA ADGOAAA 

215 OGACCAG COGAIX3AGGCCGAAAGGCCGAA AABGOAA 
221 CADAGUU COSAIX5AGGCCGAAAGGCCGAA ACCAGGA 
226 CADUOCA COGAIX3AGGCCGAAAGGCCGAA AGUDGAC 
239 Uoia^uaA COGADGAGGCOGAAAGGCCGAA AGDODCA 

241 UUUGUGU COGADGAGGCCGAAAGGCCGAA ADAGUtJCJ 

242 COOOGOG CTGADGAGGCCGAAAGGCOGAA AAOAGUU 
251 CGCOOCC CTGADGAGGCCGAAAGGGCGAA ACDDDGD 

26i vmmno cogatoaggcosaaaggccgaa agogcuu 

265 U uuuuua COGADGAGGCCGAAAGGCCGAA ADUUAGU 

267 UADDDOU CUGADGAGGCCGAAAGGCCGAA ADADUUA 

274 UOCAGOA CTXIADGAGGCCGAAAGGCCGAA ADUUUUU 

276 UADUCAG COGAD3AGGCCGAAAGGCCGAA AIIADUUU 
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DGCGUOG COGADGAGGCCGAAAGGGCGAA ADOCAGD 
AG33CCA OJGADGAGGCCGAAAGGCCGAA ADUUUGU 
ADAGGGA CDGAIXSACGCCGAAAGGCCGAA AGUGCCA 
CADAGGG COGADGAGGCCGAAAGGCCGAA AAGCGCC 
GCADAGG CDGA3CCAGGCCGAAAGGCCGAA AAAGOGC 
AUUGGCA CUGAIX2AGGCCGAAAGGCCGAA AGGGAAA 
DGADGAA COGADGAGGCCGAMGGCOGAA ADOGGCA 
ADCGADG OXSAIXSAGGttXSUVAGGCCGAA ADADOGG 
GADOGAD COGADGAGGCCGAAAGGCCGAA AADADCG 
CADGADD O0GADGAGGCO2AAAGGCCGAA ARMADA 
CCADCAP COGADGAGGCCGAAAGGCCGAA ADCGADG 
UU-uaAG COGATCAGGCCGAAAGGCCGAA ACCCADC 
ADUOJaA COGAIXSAGGCXGAAAGGCCGAA AAOCCA0 
GCADOOT C0GAD3AGGCCGAAAGGCCGAA AGAACCC 
ogcadcc aK3ADGSU2Xa2AAAGGCCX3^ AAGAACC 
DAADGCC COGADGAGGCCGAAAGGCCGAA ADGCADU 

daggcou axareaGGccGAAAGGccGAA adgccaa 

GDaGGCO OTGATCAGGCCGAAAGGCCGAA AADGCCA 
DGC0OO3 COGA DGAQGOOGAAAGGCOGAA A GGOJUA 
ATOGGAG COGADGAGGCCGAAAGGCCGAA ADGCOOO 
^PQM GS CTOATCAGGCCGAAAGGCCGAA AGQADGC 
D GQADAP OTGADGAGGCOGAAAGGCCGAA ADGGGAG 
AujmiUA. a^GATOAGGCCGAAAGGCCGAA ADOADGG 
AEACOUG COGA0GAGGCCGAAAGGOCGAA ADADOAD 
GAGADCA COGADGAGGCCGAAAGGCCGAA ACOOGOA 
GGADCGA CUGADGAGGCCEAAAGGOCGAA ABCADAC 
APGGADa C0GAD3AGGC0GAAAGGC0GAA AGADCAU 
ADOOADG COGADGAGGCCGAAAGGCCGAA ADUGAGA 
**»AAADU COGADGAGGCCGAAAGGCCGAA ADGGADO 
^•^^ CDGADGAGGCOSAAAGGCCGAA ADUOADG 
P^U^lX* COGAroAGGCGGAAAGGCCGAA AADUDAU 
U !^ JiAjU U CDGADGAG ^^ AAADOOA 
<*^**i*A C0GAXXSGGCO3AAAGGCCGAA ADOGOGU 
uuwwtt COGADGAGGCCGAAAGGCCGAA ADADOGO 
OJ3AXX3AGGCCGAAAGSCCGAA AADAOOG 
UjQUUUA COGADGAGGCCGAAAGGCCGAA ADOGOGQ 
GOOGOOO COGADGAGGCCGAAAGGCCGAA AGADOGU 
ABGCADA COGATOAGGCOSAAAGGCCGAA AGOOGCO 
DOADGCA COGAXX2AGGCOGAAAGGCCGAA AGAGOOG 
GSAnAGO COGAIX3AGGCCGAAAGGCCGAA ADGCADA 
DGGAGOA aX3ATX3AGGCCGAAAGGCCGAA AGOTADG 
COGADGAGGCCGAAAGGCCGAA ADAGOUA 
GACOADG CDGADGAGGCCGAAAGGCCGAA AGUAUAG 
PCOGGAC COGATOAGGOOGAAAGGCCGAA ADGGAGO 
CCADCOG COGADGAGGCCGAAAGGCCGAA ACGADGG 
DaACaMJ COGADGAGGCCGAAAGGGCGAA ADUOUCA 
ADQACOA CDGADGAGGCOGAAAGGCOGAA AADOOOC " 
AAMJOAC CDGADGAGGCCGAAAGGCCGAA ADAADOO 
TOOAAAU CDGADGAGGCCGAAAGGCCGAA ACDADAA 
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Table 33 : RSV (1C) HH target Sequence 



nt . 


Target Sequence 


Position 






GGCAAAU A AGAAUUU 


16 


UAAGAAD U UGAUAAG 


17 


AAGAADU U GADAAGU 


21 


AUUUGAU A AGUACCA 


25 


GAUAAGU A CCACOUA 


31 


UACCACU U AAADUQA 


32 


ACCACOa A AADDUAA 


3o 


CUUAAAD U UAACUCC 


37 


UUAAAUU U AACTOCC 


38. 


UAAAUUU A ACOCCCU 


42 


UUUAACU C UJUUUGU 


46 


ACOOCCU U GGUUAGA 


50 


CCUUUUU 0 AGAGADG 


51 


CDDGGUO A GAGADGG 


67 


CAGCAAU U CADUGAG 


68 


AGCAADU C AUDGAGU 


71 


AADUCA0 U GAGUAUG 


76 


AUDGAGU A UGAUAAA 


81 


GUADGAU A AAAGUUA 


87 


UAAAAGU U AGADUAC 


88 


AAAAGUU A GADUACA 


92 


GUUAGAU U'ACAAAAU 


93 


UUAGADU A GAAAAUU 


100 


ACAAAAU U UGUUUGA 


101 


CAAAADU 0 GUUUGAC 


104 


AAUUUGU 0 UGACAAU 


105 


AUUUGUU 0 GACAADG 


120 


A0GAAG0 A GCADUGU 


125 


GUAGCAU 0 GUUAAAA 


128 


GCADUGU 0 AAAAAUA 


129 


CADUGUU A AAAADAA 


135 


UAAAAA0 A ACADGCU 


143 


ACADGCU A UACDGAU 


145 


ADGCUAU A CDGAUAA 


151 


UACUGAU A AAUUAAU 


155 


GAUAAA0 0 AADACAU 


156 


AUAAAUU A ADACAUU 


159 


AAUUAAU A CADUUAA 


163 


AADACAU U UAACUAA 


164 


ADACADU U AACUAAC 



nt • 


Target Sequence 


Position 


165 


UACADUU A ACUAACG 


169 


UUUAACU A ACGCCUU 


175 


UAACGCU 0 0GGCSAA 


176 


AACGCUU U GGCUAAG 


131 


UUUGGC0 A AGGCAGU 


192 


CAGUGAU A CAUACAA 


196 


GAUACAU A CAADCAA 


201 


ADACAAU C AAAUUGA 


206 


AUCAAAU 0 GAADGGC 


216 


ADGGCAU 0 GUGUUUG 


221 


AUUGCGU 0 UGUGCAU 


222 


UUGbGUU 0 GUQCADG 


231 


UGCAJJGU U AUUACAA 


232 


GCACGUU A UUACAAG 


234 


ADGUUA0 0 ACAAGUA 


235 


UGUUAUU A CAAGUAG 


241 


UACAAGU A GGGAUAU 


247 


UAG32AU A 0UUGCCC 


249 


GUGADAU 0 UGCCCUA 


250 


CGAUAUU 0 GCCCUAA 


256 


OUGCCCU A AUAAUAA 


259 


CCCUAAU A AUAAUAU 


262 


UAAUAAU A ADADUGU 


265 


UAADAAU A UUGUAGU 


267 


AUAAUAU 0 GUAGUAA 


270 


AUAUUGU A GUAAAAU 


273 


UUGUAGU A AAAUCCA 


278 


GUAAAAU C CAADUUC 


283 


ATCCAAU 0 0CACAAC 


284 


UCCAAUU 0 CACAACA 


285 


CCAADUU C ACAACAA 


300 


UGCCAGU A CUACAAA 


303 


CAGUACU A CAAAADG 


316 


UGGAGGU U AUAUAUG 


317 


GGAGGUU A UADAUGG 


319 


AGGUUAU A UADGGGA 


321 


GUUAUAU A UGGGAAA 


338 


AUGGAAU 0 AACACAU 


339 


UGGAAUU A ACACAUU 


346 


AACACAU U GCUCUCA 
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350 


PA( JlJf 1 1 C* TTT^A AfYTT 


352 


DOGCDCD C AAOCTTAA 


358 


ncAAOCU A AOQGDPn 


364 


CIAADGGQ C rraLTJAnA. 


366 




369 




379 


DGACAATT TT CTTCAAATT 


387 


GDGAAAIJ n AAAnnrrr 


388 


UKAAAnn & aannmr 


392 


AnnAAAn n < i u"v *a & & 


393 


nnAAArm nnr*^ a & & 


395 


AAAnnrrr c paaaa&^ 


405 


AAAAACTJ A ACTTCAnrf 


412 


AAGCGAU O CAATJVAn 


413 


AGUGADU C AACAAOS 


427 


GACCAAIJ n ADADGAA 


428 


ACCAAOT A UADGAAU 


430 


CAADORIJ A UGAADCA 


436 


DADGAAIJ C AADUADC 


440 


AADCAAU U ADCUGAA 


441 


AUCAADD" A DCDGAAT7 


443 


CAADGAJJ C DGAAnnA 


449 


UCDGAAU U ACDDGGA 


450 


CTCAADU A CUUGGAU 


453 


AADDACU U GGADUUG 


458 


CDDGCSVZ7 U UGAUCUU 


459 


UDGGAUU U GAUCUUA 


463 


ADUUGAU c UDAADCC 


465 


UUGADCD U AAJDCCAU 



466 OGAJUCUU A ADCCATJA 

469 UCUUAA0 C CAJ0AAAIJ 

473 AADCCMJ A AAXJUAXTA 

477 CMJAAA0 XJ A0AAOUA 

478 ADAAAnu A UAADOAA 
480 AAADUAU a ADDAADA 

483 XJ0ADAAU U AMBVDCA 

484 UADAADU A AUADCAA 
487 AADUAAn A DCAACOA 
489 tKJAADAU C AACDAGC 
494 ADCAACU A GCAAADC 
501 AGCAAAD C AADGUCA 
507 DCAADGQ C ACUAACA 
511 UGUCACU A ACAGCAn 

519 ACACCAJTJ U AGOUAAU 

520 CAOCAOT A GUUAAOA 

523 CADOAGU U AAUADAA 

524 ADUAGUU A ADAUAAA 
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Table 34: RSV (1Q HH Ribozyme Sequence 



PCI7IB95/00156 



nt • HH Ribozyme Sequence 

Position 

10 AAADUCU C0GAU3AGGCCGAAAGGCCGAA ADUCGCC 

16 COOADCA COGADGAGGCOGAAAGGOOGAA ADCCOCA 

17 ACOOADC CDGADGAGGCCGAAAGGCOGAA AADCCOO 
21 UGGQACU OX2A«3AGGCCGAAAGGCCSAA ADCAAAO 
25 UAAGOSG CDGADGAGGCCGAAAGGCOGAA ACOOADC 

31 UAAADOD OXSAIXSUSGCCGAAAGGCCGAA AGDGGOA 

32 COAAADO COGADGAGGCCGAAAGGCCGAA AAGOGGU 

36 GGAGOOA CX/GATOAGGOOGAAAGGOOGAA ADOOAAG 

37 GGGAGOD COGADGAGGCOGAAAGGOOGAA AADOUAA 

38 AGGGAGO CDGADGAGGCCGAAAGGCOGAA AAADODA 
42 ACCAAGG COGAD3AGGC0GAAAGGCOEUV AGOOAAA 
46 OCOAACC CCGA0GAGGO32AAAGGCCGAA AGGGAGU 

50 CADCOCO COGADGAGGCOGAAAGGOOGAA ACCAAGG 

51 CCADCOC CXJGADGAGGCOGAAAGGCCGAA AACCAAG 

67 CCCAADG COGADGAGGCOGAAAGGOOGAA ADCGCCG 

68 ACOCAAD COGADGAGGCOGAAAGGCOGAA AADOGCU 
71 CADACOC COGADGAGGOOGAAAGGOCGAA ADGAADU 
76 COOADCA CDGADGAGGOCGAAAGGOOGAA ACOCAAD 
81 DAACOOO CCGADGAGGGCGAAAGGCOGAA ADCADAC 

87 GUAADCU COGADGAGGCOGAAAGGCCGAA A GJUUU A 

88 GGOAADC COGAD3AGGCCGAAAGGCCGAA AAC OUUU 

92 ADOOOGO COGADGAGGCCGAAAGGCCGAA AOCOAAC 

93 AADOCOG OX5ADGAGGCCGAAAGGCCGAA AADCOAA 

100 UCAAACA COGAIX3AGGCCGAAAGGCCGAA ADOOOGO 

101 GOCAAAC OTGADGAGGCCGAAAGGCOGAA AADOOOG 

104 AUUGoca COGAD2AGGCCX2AAAGGCCGAA ACAAADU 

105 CADUGOC COGADGAGGGCGAAAGGCOGAA AACAAAD 
120 ACAADGC COGADGAGGCOGAAAGGCCGAA ACOOCAD 
125 UOTUAAC COGADGAGGCOGAAAGGOOGAA ADGCOAC 

128 UADOTUU COGADGAGGOOGAAAGGCOGAA ACAADGC 

129 CCADOOD COGADGAGGCOGAAAGGCOGAA AACAADG 
135 AGCAOGU COGADGAGGOOGAAAGGCOGAA AUUUUUA 
143 ADCAGOA COGADGAGGCOGAAAGGCCGAA AGCADGO 
.145 OOADCAG COGADGAGGCCGAAAGGCCGAA ADAGCAD 
151 ADOAADU COGADGAGGCOGAAAGGCOGAA ADCAGOA 

155 A DGOAD a COGADGAGGCOGAAAGGCCGAA ADUQADC 

156 AADGDAD COGADGAGGCOGAAAGGCOGAA AADDUAU 
159 DDAAADG COGADGAGGOOGAAAGGCOGAA ADUAADO 
163 OOAGOUA COGADGAGGCCGAAAGGCCGAA ADGOADO 

154 GOOAGUO COGADGAGGOOGAAAGGCOGAA AADGDAD 

155 CGOOAGU COGADGAGGCCGAAAGGCCGAA AAADGUA 
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AAAGCGU COGADGAGGCCGAAAGGCCGAA AGUUAAA 
OOAGCCA COGADGAGGCCGAAAGGCCGAA AGCGUUA 
CUOAGCC COGADGAGGCCGAAAGGCCGAA AAGCGOU 
ACTTCOJ COGADGAGGCCGAAAGGCCGAA AGCCAAA 
OOGOAOG COGADGAGGCCGAAAGGCCGAA AOCACOG 
OOGADOG 03GADGAGGCCGAAAGGCCGAA AUGOACC 
OCAADOa COGADGAGGCXXIAAAGGCCGAA ADOGOAD 
GCCADOC OX3ADGAGGCXGAAAGGCCGAA AU U UG A U 
CAAACAC COGADGAGGCCGAAAGGCCGAA ADGCCAD 
ADGCACA aXSADGAGGCCGAAAGGCCGAA ACACAAU 
CADGC AC aK3ADGAGGCCGAAAGGCCGAA AACACAA 
OPGOAA P COGADGAGGCCGAAAGGCCGAA ACADGCA 
CDOGQAA COGADGAGGCCGAAAGGCCGAA AACADGC 
OACDOOT COGADGAGGCCGAAAGGCCGAA ADAACAD 
COACOOG OTGADGAGGCCGAAAGGCCGAA AADAACA 
^^CAC COGADGAGGCCGAAAGGCCGAA ACODGUA 
GGGCAAA C0GADGAGGCQ3AAAGGCOGAA ADCACUA 
E&GGGCA COGADGAGGCCGAAAGGCCGAA ADADCAC 
OOAGGGC COGADGAGGCCGAAAGGCCGAA AADADCA 
UUauuaD COGADGAGGCCGAAAGGCCGAA AGGGCAA 
ADADOAD COGADGAGGCCGAAAGGCCGAA ADUAGGG 
ACAADAD COGADGAGGCCGAAAGGCCGAA ADUADDA 
ACOACAA COGADGAGGCCGAAAGGCCGAA ADUAOCA 
°^^C COGADGAGGCCGAAAGGCCGAA AQADOAU 
ADOOOAC aXSADGAGGCqSAAAGGCCGAA ACAADAU 
TCGADOO OTGADGAGGCCGAAAGGCCGAA ACOACAA 
GAAMOG COGADGAGGCCGAAAGGCCGAA ADOOOAC 
jjUmimiA COGADGAGGCCGAAAGGCCGAA ADOGGAD 
UooiAaUli COGADGAGGCCGAAAGGCCGAA AADOGGA 
PU^uti U COGADGAGGCCGAAAGGCCGAA AAADCGG 
Uu ^AG COGADGAGGCCGAAAGGCCGAA ACOGGCA 
CADOOOG COGADGAGGCCGAAAGGCCGAA AGUACUG 
CADADAD COGADGAGGCCGAAAGGCCGAA ACCOCCA 
^PAOA COGADGAGGCCGAAAGGCCGAA AACCOCC 
^CCADA COGADGAGGCCGAAAGGCCGAA AUAACCU 
POOCCCA COGADGAGGCCGAAAGGCCGAA ADADAAC 
ADGOGOO COGADGAGGCCGAAAGGCCGAA ADUCCAD 
AADGOGD COGADGAGGCCGAAAGGCCGAA AADOCCA 
OGAGAGC COGADGAGGCCGAAAGGCCGAA AUGOGOU 
AGGOOGA COGADGAGGCCGAAAGGCCGAA AGCAADG 
OUAGGOO OTGADGAGGCCGAAAGGCCGAA AGAGCAA 
AGAOCAD COGADGAGGCCGAAAGGCCGAA AGGOOGA 
ECDAGOA COGADGAGGCCGAAAGGCCGAA ACC A DUA 
CAOCDAG COGADGAGGCCGAAAGGCCGAA AGACCAD 
OGOCADC COGADGAGGCCGAAAGGCCGAA AGUAGAC 
ADUOCAC COGADGAGGCCGAAAGGCCGAA ADOGOCA 
AGAADOD COGADGAGGCCGAAAGGCCGAA ADOOCAc' 
GAGAAUO COGADGAGGCCGAAAGGCCGAA AADOOCA 
&OOGGAG COGADGAGGCCGAAAGGCCGAA AOOOAAU 
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uuuutiGA CCGADGAGGCOGAAAGGCCGAA AADUUAA 
DODOODG COGADGAGGGOGAAAGGCCGAA AGAADUU 
AADCACO OTGAICAGGCCGAAAGGCCGAA A GUUUUU 
Auuuuuu COGADGAGGCCGAAAGGCCGAA ADCACOU 
CADOGDD COGAD3AGGCCGAAAGGCCGAA AADCACD 
DDCADAD CUGADGAGGCCGAAAGGCCGAA ADDGGOC 
ADUCADA C0GADGAGGCXX2AAAGGCCGAA AADDGGU 
DGADDCA 03GADGAGGCCGAAAGGCCGAA ADAADOG 
GADAADD CUGADGAGGCCGAAAGGCCGAA ADDCAUA 
ODCAGAU CDGADGAGGOOGAAAGGOOGAA AUCGADU 
ADDCAGA OTGADGAGGCOGAAAGGCOGAA AADOGAU 
DAADOCA CDGADGAGGOOGAAAGGOOGAA ADAADDG 
UCCAAGD CDGAUSAGGCCGAAAGGCCGAA ADDCAGA 
ADOCAAG CUGATOAGGCCGAAAG3CCGAA AADOCAG 
CAAADCC CDGADGAGGCCGAAAGGOCGAA AGUAADU 
AAGADCA CDGADGAGGOOGAAAGGOOGAA ADCCAAG 
GAAGADC CDGADGAGGOOGAAAGGOOGAA AADCCAA 
GGADOAA CDGADGAGGCOGAAAGGCCGAA ADCAAAD 
APgiADU O3GAD3AGGC0GAAAGGCCGAA AGADCAA 
Q AD3S AD CDGADGAGGOOGAAAGGOOGAA AAGADCA 
ADOOADG CDGADGAGGCOGAAAGGCCGAA ADDAAGA 
DADAADD CUGAUGAGGCCGAAAGGCCGAA ADGGADU 
DAADUA0 COGADGAGGOOGAAAGGOCGAA ADUOADG 
UQAADOA CDGADGAGGOOGAAAGGOOGAA AADUOAD 
QADDAAD CDGADGAGGOOGAAAGGOOGAA ADAADOD 
EGADAUU CDGADGAGGCOGAAAGGCOGAA ADDADAA 
TOGAOAD CDGADGAGGOOGAAAGGOOGAA AADOADA 
EAGUDGA CDGADGAGGOOGAAAGGOOGAA ADUAAOU 
Gcm GOP CDGADGAGGOOGAAAGGOOGAA ADADDAA 
GADDOGC CDGADGAGGOOGAAAGGOOGAA AGUDGAD 
^CADD CDGADGAGGOOGAAAGGOOGAA ADDDGCD 
PgDDAGD CDGADGAGGOOGAAAGGOOGAA ACADDGA 
ADGGOGU CDGADGAGGOOGAAAGGOOGAA AGDGACA 
ADDAACD CDGADGAGGOOGAAAGGOOGAA ADGG D GD 
DADDAAC CDGADGAGGOOGAAAGGOOGAA AADGGDG 
DDADADU CDGADGAGGOOGAAAGGOOGAA ACDAADG 
UUQMMJ CDGADGAGGOOGAAAGGOOGAA AACDAAD 
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Table 35: RSV (N) HH Target Sequence 



PCI7IB95/00156 



nt • 




nt m 


Position 




f OBltlOU 


9 


GGCAAAU A CAAAGAD 


217 


21 


GADGGCU C UUAGCAA 


218 


23 


UGGCUCU U AGCAAAG 


220 


24 


GGCJCUU A GCAAAGU 


229 


32 


GCAAAGU C AAGUUGA 


231 


37 


GUCAAGU U GAADGAD 


235 


45 


GAADGAD A CACUCAA 


236 


50 


AUACACU C AACAAAG 


254 


60 


CAAAGAD C AACUOCU 


260 


65 


ADCAACU U CUGUCAU 


2S3 


66 


TCAACUU C OGOCADC 


277 


70 


UJUUUGU C ADCCAGC 


279 


•73 


COGDCAU C CAGCAAA 


284 


82 


AGCAAAIJ A CACCAUC 


299 


89 


ACACCAD C CAAOGGA 


305 


. 108 


AGGAGAU A GUAUDGA 


315 


111 


AGADAGU A UUGADAC 


318 


113 


ADAGUAD U GADACDC 


326 


117 


UADOGAD A CUCCUAA 


327 


120 


CGADACU C CUAADUA 


346 


123 


UACUCCO A ADUADGA 


347 


126 


UCCUAAU U AUGAUGU 




127 


CCUAADU A DGADGUG 




146 


AACACAU C AADAAGU 


JQ1 


150 


CADCAAD A AGUUADG 


4 t\j 


154 


AADAAGU U ADGfiGSr 


J /i 


155 


ADAAGUU A CGOSSCA 




166 


GGCADGU U ADUAADC 


JO** 


167 


GCADGUU A UUAADCA 


389 


169 


ADGUUAU U AADCACA 


395 


170 


UiUUAUU A AUCACAG 


401 


173 


UADUAAD C ACAGAAG 


406 


186 


AGAUGCU A ADCADAA 


408 


189 


UGCUAAU C ADAAADU 


415 


192 


UAADCAD A AADUCAC 


418 


196 


CADAAAD U CACUGGG 


431 


197 


ADAAADU C ACUGGGU 


449 


205 


ACUGGGU U AADAGGU 


453 


206 


CUGGGUU A ADAGGUA 


460 


209 


GGUUAAU A GGUADGU 


472 


213 


AADAGGU A UGUUADA 


474 



HH Taurget Sequence 



GGUADGU U ADADGCG 
GUATCCU A UAJDGCGA 
ADGUUAD A CGC3ATO 
GCGACGU C GAGGGCA 
GADGUCU A GGUUAGG 
UCUAGGU U AGGAAGA 
CUAGGUU A GGAAGAG 
ACACCAU A AAAADAC 
UAAAAPJU A CCCAGAG 
AAADACU C AGAGADG 
GOGGGAU A CCADGUA 
GGGADAD C ADGUAAA 
• ADCADGU A AAAGCAA 
ADGGAGU A GAEGUAA 
UAGADGU A ACAACAC 
AACACAU C GUGAAGA 
ACADCGU C AAGACAU 
AAGACAU U AADGGAA 
AGACADU A ADGGAAA 
AUGAAAD U CGAAGUG 
UGAAADU U GAAGOGU 
GAAGOGU U AACADUG 
AAGUGCU A ACADUGG 
DUAACAU U GGCAAGC 
GCAAGCU U AACAACU 
CAAGCUU A ACAACCG 
CUGAAAU U CAAADCA 
UGAAADU C AAADCAA 
UUCAAAU C AACADUG 
UCAACAU U GAGADAG 
UUGAGAU A GAAUCUA 
ADAGAAD C UAGAAAA 
AGAADCU A GAAAADC 
AGAAAAU G CUACAAA 
AAAUCCU A CAAAAAA 
AAADGCU A AAAGAAA 
GAGAGGU A GCCCCAG 
GGUAGCU C CAGAAUA 
CCAGAAU A CAGGCAU 
CADGACU C UOCUGAU 
UGACUCU C CUGADUG 
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480 


UCCDGAU U GUGGGAD 


696 


491 


GGADGAD A AUADUAU 


698 


494 


UGADAAD A UUAUGUA 


706 


496 


ADAADAD U ADGUADA 


708 


497 


UAAEADU A UGUAJQAG 


709 


501 


ADUADGU A UAGCAGC 


711 


503 


DADGOAU A GCAGCAU 


726 


511 


GCAGCAU U AGUAADA 


731 


512 


CAGCADU A GUAAUAA 


740 


515 


CADUAGU A ADAACUA 


741 


518 


UAGUAAU A ACUAAAU 


742 


522 


AAUAACU A AADDAGC 


743 


526 


ACOAAAU U AGCAGCA 


751 


527 


CUAAADU A GCAGCAG 


754 


544 


GACAGAU C UGGUCUU, 


755 


549 


ADCDGGD C DUACAGC 


756 


551 


CCGGTCU U ACAGCCG 


766 


552 


UGGOCUU A CAGCCGU 


787 


563 


CCGOGAU U AGGAGAG 


788 


564 


CGUGADU A GGAGAGC 


800 


573 


GAGAGCU A ADAADGU 


802 


576 


AGCUAAU A ADGDCCU 


803 


581 


ADAADGU C CUAAAAA 


811 


584 


ADGDCCU A AAAAADG 


815 


603 


GAAAOGU U ACAAAGG 


816 


604 


AAACGOU A CAAAGGC 


822 


613 


AAAGGCU O ACUACCC 


824 


614 


AAGGCDU A CQAOCCA 


825 


617 


GCUUACU A CCCAAGG 


829 


629 


AGGACAU A GCCAACA 


830 


640 


AACAGCU U CUADGAA 


840 


641 


ACAGCOU C UADGAAG 


866 


643 


AGCDUCU A OGAAGOG 


869 


652 


GAAGOGU U OGAAAAA 


875 


653 


AAGUGUU U GAAAAAC 


876 


663 


AAAACAU C CCCACOU 


877 


670 


CCCCACU 0 UAUAGAU 


883 


671 


CCCACOU U AUAGADG 


895 


672 


CCACUUU A UAGADGU 


913 


674 


ACUUUAU A GADGUUU 


914 


680 


UAGADGU U UUUGUUC • 


916 


681 


AGADGUU U UUUUUCA 


921 


682 


GADGUUU U UGUUCAU 


923 


683 


ADGUUUU U GOUCADU 


925 


686 


UUUUUGU 0 CAUUUOG 


943 


687 


UUUDGUU C ADUUDGG 


946 


690 


UGUUCAU U DUGGUAU 


947 


691 


GUUCAUU U UGGUAUA 


949 


692 


UDCADDU U GGUAUAG. 


950 



UUUUGGU A UAGCACA 
DUGGUAU A GCACAAU 
GCACAAU C UUCOACC 
ACAADCU U CUACCAG 
CAADCDU C UACCAGA 
AOCUUCU A CCAGAGG 
DGGCAGU A GAGUUGA 
GUAGAGU U GAAGGGA 
AAGGGAU U UUUGCAG 
AGGGAUU U UUGCAGG 
GGGAUUU U UGCAGGA 
GGAUUUU U GCAGGAU 
GCAGGAU U GUUUADG 
GGAUUGU U UADGAAU 
GADUGUU U ADGAADG 
AUUGUUU A UGAADGC 
AXDGCCU A UGGUGCA 
GDGADGU U ACGGUGG 
UGADGUU A CQG O GS G 
GGGGAGU C UUAGCAA 
GGAGUCU U AGCAAAA 
GAGDCUU A GCAAAAU 
GCAAAAU C AGUUAAA 
AADCAGD U AAAAAUA 
ADCAGOU A AAAAUAU 
DAAAAAU A UUADGUU 
AAAADAD U ADGUUAG 
AAAUADU A UGUUA GG 
ADUADGU U AGGACAU 
UUADGUU A GGACADG 
ACADGCU A GUGUGCA 
AACAAGU U GDUGAGG 
AAGDDGU U GAGGUUU 
DUGAGGU U UADGAAU 
DGAGGUU U ADGAAUA 
' GAGGUUU A UGAAUAU 
UADGAAU A UGCCCAA 
CAAAAAU U GGGUGGU 
GCAGGAU U CUACCAU 
CAGGAUU C UACCADA 
GGAUUCU A CCAUADA 
COACCAU A UAUOGAA 
ACCADAU A UUGAACA 
CAUAUAU U GAACAAC 
AAAGCAU C AUUADUA 
GCADCAU U AUUAUCU 
CAUCAUU A UUADCUU 
UCADUAU U ADCUUUG 
CADUAUU A UCOUUGA 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



PCT/IB95/00156 



276 



952 


UUADUAU C UUUGACU 


954 


ADUABCU U UGACUCA 


955 


DOALICUCT U GACOCAA 


960 


LfUUGACU C AAUUUUC 


964 


ACUCAAU a TCCUCAC 


965 


CUCAADU U CCUCACU 


966 


CCAADUQ C COCACUU 


969 


AUUUCOJ C ACUUCCC 


973 


CCUCACU U CDCCAGU 


974 


CUCACUU C UCCAGUG 


976 


CACUOCU C CAGUGUA 


983 


CCAGUGU A GOADUAG 


986 


. GUGUAGU A DUAG3CA 


988 


GUAGGA0 V AGGCAA0 


989 


UAGUAUU A GGCAADG 


1007 


CDGGCOJ A GGCADAA 


1013 


UAGGCAU A AOGGGAG 


1024 


GGAGAGU A CAGAGGU 


1032 


CAGAGGU A CACCGAG 


1044 


GAGGAAU C AAGADCU 


1050 


DCAAGAU C UAUADGA 


1052 


AAGADCU A UADGADG 


1054 


GABCUAU A UGADGCA 


1072 


AAGGCAD A DGCDGAA 


1085 


AACAACU C AAAGAAA 


1103 


GOGUGAU U AACQACA 


1104 


UGUGADU A ACOACAG 


1108 


AUUAACU A C&GUGUA 


1115 


ACAGUGU A CUAGACU 


1118 


GUGDACU A GACDDGA 


1123 


COAGACU U GACAGCA 


1139 


AAGAACU A GAGGCUA 


1146 


AGAGGCa A DCAAACA 


1148 


AGGCUAU C AAACADC 


1155 


CAAACAU C AGCUUAA 


1160 


ADCAGCU U AADOCAA 


1161 


UCAGCUU A ADCCAAA 


1164 


GOJUAAU C CAAAAGA 


1173 


AAAAGAU A ADGADGU 


1181 


ADGA03CJ A GAGCUUU 


1187 


UAGAGCU U DGAGUUA 


1188 


AGAGCOU IT GAGOUAA 


1193 


UUUGAGU XJ AADAAAA 


1194 


UUGAGUU A AQAAAAA 
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Table 36: RSV (N) HH Ribozyme Sequence 



nt . 
Position 

9 

21 

23 

24 

32 

37 

45 

50 

60 

65 

66 

70 

73 

82 

89 
108 
HI 
113 
117 
120 
123 
126 
127 
146 
150 
154 
155 
166 
167 
169 
170 
173 
186 
189 
192 
196 
197 
205 
206 
209 
213 



HE Ribozyme Sequence 



ADCUUUG COGADGAGGCCGAAAGGCCGAA ADOOGCC 
tlUGCUAA CDGADGAGGCCGAAAGGCCGAA AGCCADC 
COOOGCO COGADGAGGCCGAAAGGCCGAA AGAGCCA 
ACOOCGC COGADGAGGCCGAAAGGCCGAA AAGAGCC 
OCAACUU COGADGAGGCCGAAAGGCCGAA AC UUUG C 
AJUCAUUc C0GAD3AGGCCGAAAGGCCGAA ACOOGAC 
OOGAGOG OX3AUGAGGCCGAAAGGCCGAA ADCADUC 
COUUGUO aXSADGAGGCCGAAAGGCTGAA AG3G0AU 
AGAAGOO C0GAD3AGGCCGAAAGGCCGAA ADCOOOG 
ADGACAG OXSAUGAGGCCGAAAGGCCGAA AGOUGAU 
GADGACA CDGAD3AGGCCGAAAGGCOGAA AAGO0GA 
GOT3GAD COGADGAGGCCGAAAGGCOGAA ACAGAAG 
OOOGCOG COGADGAGGCCGAAAGGCCGAA ADGACAG 
GADGGOG CXIGADGAGGGCGAAAGGCCGAA ADUUGCTJ 
DCCGOOG COGADGAGGCCGAAAGGCCGAA ADGGUGU 
DCAADAC COGADGAGGCCGAAAGGCCGAA ADCOCCO 
GUAUCAA COGADGAGGCCGAAAGGCCGAA AOJAUOJ 
GAGOADC COGADGAGGCCGAAAGGCOGAA ADACOAD 
OUAGGAG OX2ADGAGGCCGAAAGGCOGAA ADCAADA 
DAADDAG COGADGAGGCCGAAAGGCOGAA AGOADCA 
DCADAAD COGADGAGGCCGAAAGGCOGAA AGGAGUA 
ACADCAU COGADGAGGCCGAAAGGCOGAA ACUAGGA 
CACADCA COGADGAGGCCGAAAGGCOGAA AADOAGG 
ACODADO COGADGAGGCCGAAAGGCOGAA ADGOGUU 
CAD&ACO COGADGAGGCCGAAAGGCOGAA ADOGADG 
GCCACAD COGADGAGGCCGAAAGGCOGAA ACOOADU 
TOCCACA QX2AD3AGGCCGAAAGGCCGAA AACOUAD 
GADOAAD COGADGAGGCCGAAAGGCCGAA ACADGCC 
UGADUAA COGADGAGGCCGAAAGGCOGAA AACADGC 
DGOGADU CDGAD3AGGCCGAAAGGCCGAA ADAACAD 
CUUJGAD COGADGAGGCCGAAAGGCOGAA AADAACA 
CUUCUGU COGADGAGGCCGAAAGGCOGAA ADOAADA 
OQADGAD COGADGAGGCCGAAAGGCOGAA AGCADCU 
AADUUAD COGADGAGGCCGAAAGGCOGAA ADQAGCA 
GOGAADU COGADGAGGCCGAAAGGCCGAA ADGADOA 
COCAGOG COGADSAGGCCGAAAGGCCGAA ADOUADG 
ACCCAGU COGADGAGGCCGAAAGGCCGAA AADDDAD 
ACCOADO CD3ADGAGGCCGAAAGGCOGAA ACCCAGU 
UACCDAD COGADGAGGCGGAAAQGCCGAA AAOCCAG 
ACADACC COGADGAGGCCGAAAGGCCGAA ADUAACC 
AADAACA COGADGAGGCCGAAAGGCCGAA ACCUADU 
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CGCADAD CDGADGAGGOOGAAAGGOOGAA ACADACC 
DOGCADA OJGADGAGGCCGAAAGSCCGAA AACAUAC 
CADCGCA CUGAI53AGGCCGAAAGGCCGAA ADAACAD 
DAACCOA OJGAIX3AGGCCGAAAGGCCGAA ACADCGC 
CCDAACC CTOATOAGGCOGAAAGGCCGAA AGACADC 
UOJUCQJ C0GADG2LGGCOGAAAGSCCGAA ACCUAGA 
OJ UJUa: CDGADGAGGOOGAAAGGOOGAA AACCOAG 
GDADODD CUGADGAGGCCGAAAGGCCGAA ADGGOGD 
CUOXSAG CUGATOAGGCCGAAAGGCCGAA AUUUUUA 
CADCOCD aXSAIJ3AGGCa3AAAGGCCGAA AGOADUU 
OACA P5A COGAU3AGGCCGAAAGGCCGAA ADCCCGC 
DODACAD CDGA03AGGCOGAAAGGCOGAA ADADCCC 
0O3CDDD COGATOAGGCCGaAAGGCOGAA ACADGAD 
PPACADC OX2ADGAGGCCGAAAGGCOGAA ACDCCAD 
GOTDOGD CDGADGAGGOOGAAAGGOOGAA ACADCDA 
U-umiaC OJGA03AGGa2»AAGGCOGAA ADGOGOD 
ySDCUU CDGADGAGGOOGAAAGGOOGAA AOGADG0 
O^^ltJ COGADGAGGCCGAAAGQOCGAA ADGCCOU 
P00CC3P OTSADSAGGOOGAAAQGOOGAA AADGDCD 

cacooca ox»dgaggccgaaaggcogaa auuucab 

ACACOOC COGA303AGGCOSUUU3GCXX^ AADODCA 
CAADGDU CDGADGAGGOOGAAAGGOOGAA ACACODC 
CCAADGU aX2AD3AGG033AAAGGCCGAA AACACDU 
CDGADGAGGCOGAAAGGCOGAA ADGUOAA 
AOT^U OX2AD3AGGCCGAAAGGCCGAA AGCODGC 
CAGDOGU C0GAD3AGGO0GAAAGGG0GAA AAGCDUG 
CDGADGAGGOOGAAAGGOOGAA ADUCJCAG 
^^TO CBGAD3AGGCOGAAAGGCCGAA AADODCA 
CAADGDD CTOADGAGGCOGAAAGGCOGAA ADUDGAA 
CDADCOC CDGADGAGGCOGAAAGGCOGAA ADGDDGA 
PAGADDC COGADGAGGCOGAAAGGOOGAA ADCOCAA 
U uuuuja CDGADGAGGOOGAAAGGOOGAA ADUCOAU 
^OTDDC CDGADGAOGOOGAAAGGOOGAA AGADUCO 
buuwaG C0GAD3AGGCOGAAAGGO0GAA AU UU U C U 
UOuuuw OX3AD3AGGCXX2AAAGGCCGAA AGGADUU 
buuuuuu Q3GAD3AGGOOGAAAGGOOGAA AGCADOU 
COGGAGC CDGADGAGGOOGAAAGGOOGAA AOCOCDC 
QADDCDG CDGADGAGGOOGAAAGGOOGAA AGCDACC 
ATCCCTC CDGADGAGGOOGAAAGGOOGAA ADDCDGG 
ADCAGGA CDGADGAGGOOGAAAGGOOGAA AGOCADG 
CAADCAG QJ3AD3AGGCOGAAAGGOCGAA AGAGDCA 
ABCCCAC CDGADGAGGCOxAAAGGCOGAA ADCAGGA 
ADAADAD CTCATOAGGCCGAAAGGCCGAA ADCADCC 
OACADAA CDGA03AGGCOGAAAGGOOGAA ADOADCA 
UADACAD CDGADGAGGOOGAAAGGOOGAA ADADOAD 
OTaACA CDGADGAGGOOGAAAGGOOGAA AADADUA 
GCOGCDA OT3ADGAGGOOGAAAGGO0GAA ACADAAD* 
ABGCDTC.COSADSAGGCaSAAAGGaCGto ADACADA 
aADmaj CDGADGAGGOOGAAAGGOOGAA ADGCDGC 
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512 UuauuaC CDGADGAGGOGGAAAGGCCGAA AADGCUG 

515 UAGDDAD CDGADGAGGCCGAAAGGCCGAA ACOAADG 

518 ADDDAGD C0GAD3AGGCCGAAAGGCCGAA ADUACUA 

522 GCUAADU CDGADGAGGCCXSAAAGGCCGAA AGDDADU 

526 DGCOGCD OK3ADGAGGCCGAAAGGCCGAA ADOUAGU ' 

527 COGCOGC CDGAD3AGGCCGAAAGGCCGAA AADUQAG 
544 AAGACCA CDGADGAGGCCGAAAGGCCGAA ADCDGUC 
549 GCOGDAA COGADGAGGCXGAAAGGCCGAA ACCAGAU 

551 CGGCOGD C0GAD3AGGC0GAAAGGCCGAA AGACCAG 

552 ACGGCDG CDGADGAGGCCGAAAGGCCGAA AAGACCA 

563 CDCDCCD OTGADGAGGCCGAAAGGCCGAA AOCACGG 

564 GCOCOCC CDGADGAGGCCGAAAGGCCGAA AADCACG 
573 ACADDAD CDGADGAGGCCGAAAGGCCGAA AGCDCOC 
576 AGGACAU CDGAD2AGGCCGAAAGGCCGAA ADDAGCU 
581 UUUUUAG CDGADGAGGCCGAAAGGCCGAA ACADUAD 
584 CAuuuuu CDGADGAGGCCGAAAGGCCGAA AGGACA0 

603 Qjjuuw CDGADGAGGCCGAAAGGCCGAA &DG U UUC 

604 ^uoJuui; CDGADGAGGCCGAAAGGCCGAA AACGDDD 

613 GGGUAGU CDGADGAGGCCGAAAGGCCGAA AGCCDUU 

614 OGGGUAG CDGADGAGGCCGAAAGGCCGAA AAGCCUU 
617 ^TCGg CDGADGAGGCCGAAAGGCCGAA AGDAAGC 
625 UGODGGC CDGADGAGGCCGAAAGGCCGAA ADGDCCD 

640 DDCADAG CDGADGAGGCCGAAAGGCCGAA AGCDGUU 

641 CDDCADA CDGADGAGGCCGAAAGGCCGAA AA G CDGU 
643 CAOKJCA CDGADGAGGCCGAAAGGCCGAA AGAAGCD 

652 UUUUUCA CTGADGAGGCCGAAAGGCCGAA ACACDDC 

653 GDDDDDC CDGADGAGGCCGAAAGGCCGAA AACACDD 
663 AAGDGGG CDGADGAGGCCGAAAGGCCGAA APG UUUU 
670 ADCDADA OX2ADGAGGCCGAAAGGCCGAA AGDGGGG 

. 671 CADCDAU CDGADGAGGCCGAAAGGCCGAA AAGDGGG 

672 ACADCDA CDGADGAGGCCGAAAGGCCGAA AAAGDGG 

674 AAACADC CDGADGAGGCCGAAAGGCCGAA AUAAAGD 

680 GAACAAA CDGADGAGGCCGAAAGGCCGAA ACADCDA 

681 DGAACAA CDGADGAGGCCGAAAGGCCGAA AACADCD 

682 AD3AACA CDGADGAGGCCGAAAGGCCGAA AAACADC 

683 AADGAAC CDGADGAGGCCGAAAGGCCGAA AAAACA0 

686 CAAAADG CDGADGAGGCCGAAAGGCCGAA ACAAAAA 

687 CCAAAAU CDGADGAiGGCCGAAAGGCCGAA AACAAAA 

690 ADACCAA CDGADGAGGCCGAAAGGCCGAA ADGAACA 

691 DADACCA OTGADGAGGCCGAAAGGCCGAA AADGAAC 

692 CDADACC CDGADGAGGCCGAAAGGCCGAA AAADGAA 
696 DGOGCOA CDGADGAGGCCGAAAGGCCGAA ACCAAAA 
698 ADDGDGC CDGADGAGGCCGAAAGGCCGAA ADACCAA 
706 GGDAGAA CDGADGAGGCCGAAAGGCCGAA ADDGDGC 

708 CDGGDAG CDGADGAGGCCGAAAGGCCGAA AGADDGD 

709 UOJGGUA CTCADGAGGCCGAAAGGCCGAA AAGADDG 
711 CCDCOGG CDGADGAGGCCGAAAGGCCGAA AGAAGAD 
726 CCAACOC- CDGADGAGGCCGAAAGGCCGAA ACDGCCA 
731 DCCCDDC CDGADGAGGCCGAAAGGCCGAA ACOCDAC 
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COGCAAA COGADGAGGCCGAAAGGCCGAA ADCCCUU 
CCOGCAA OTGAtt^SGCCGAAAGGCCGAA AADCCCO 
CCOJGCA COGADGAGGCCGAAAGGCCGAA AAADCCC 
ADCCDGC COGADGAGGCCGAAAGGCCGAA AAAADCC 
CADAAAC COGADGAGGCCGAAAGGCCGAA ADCCDGC 
ADOCADA COGADGAGGCCGAAAGGCCGAA ACAADCC 
CADOCAU COGADGAGGCCGAAAGGCCGAA AACAADC 
G^AUUCA COGADGAGGCCGAAAGGCCGAA AAACAAD 
OGCATCA COGADGAGGCCGAAAGGCCGAA AGGCADU 
CCACCGO C0GAB3AGGCCGAAAGGGCGAA ACADCAC 
CCCACCG aXSAIX»GGCXEAAAGGG^^ AACADCA 
PTCCOAA CDGADGAGGCOGAAAGGCOGAA ACOOOOC 
PPOCGO J C0GAIX2AGG0CGAAAGGGCGAA AGACOCC 
ADCOOGC CGGADGAGGCOGAAAGGGOGAA AAGVCOC 
EOOAACO COGADGAGGCCGAAAGGCCGAA ADOOOGC 
O MroOT GX2ADGAGGC0GAAAGGC0GAA ACOGADO 
ABADOOU COGAtt^GGCCGAAAGGCCGAA AACOGAD 
AACADAA COGADGAGGCCGAAAGGCCGAA AUUUUUA 
COAACAD COGADGAGGCCGAAAGGCCGAA ADADOOO 
COGADGAGGOOGAAAGGOOGAA. AAOADOD 
ADGOCCO COGADGAGGCCGAAAGGCCGAA ACADAAO" 
CADGOCC CDGADGAGGCOGAAAGGCOGAA AACADAA 
TO^AC COGADGAGGCCGAAAGGCCGAA AGCADGO 
COTCAAC C0GAD3AGGCCGAAAGGC0GAA ACCOGOU 
AAACCOC CUGAD3AGGC0GAAAGGC0GAA ACAACDU 
ADOCAUA COGADGAGGCCGAAAGGCCGAA. ACCOCAA 
QADDCAD COGADGAGGCCGAAAGGCCGAA AACCDCA 
ADADOCA CDGADGAGGCOGAAAGGCOGAA AAACCDC 
TOGGGCA COGADGAGGCCGAAAGGCCGAA ADOCADA 
AOOOCC COGADGAGGCCGAAAGGCCGAA ADOOODG 
APGGOAG COGATOAGGCCGAAAGGGOGAA ADCCDGC 
EADGGOA COGADGAGGCCGAAAGGCCGAA AADCCOG 
OADADGG CCGADGAGGCCGAAAGGCOGAA AGAADCC 
rcraADA COGADGAGGCCGAAAGGCCGAA ADGGDAG 
C0GAO3AGGCCGAAAGGCCGAA ADADGGD 
GOTGDOC C0GAO3AGGCCGAAAGGCCGAA ADADADG 
EAADAAD CDGADGAGGCOGAAAGGCOGAA ADGCOUU 
AGADAAD COGADGAGGCCGAAAGGCCGAA ADGADGC 
AAGADAA OTGADSAGGCCGAAAGGCOGAA AADGADG 
CAAAGAU CDGADGAGGCOGAAAGGCOGAA ADAADGA 
trc AAAGA OT3AIX3AGGCCG3WUU3GGOGA^ AADAADG 
AGOCAAA C0GAIX3AGGCCGAAAGGCCGAA ADAADAA 
OGAGUCA C0GADGAGGC0GAAAG3C0GAA AGADAAD 
UOGAGOC COGAD3AGGCOGAAAGGCCGAA AAGADAA 
GGAAADU CDGAU3AGGCCGAAAGGG0GAA AGOCAAA 
GU3AGGA CDGADGAGGCOGAAAGGCOGAA ADOGAGU 
AGOGAGG COGADGAGGCCGAAAGGCCGAA AADOGAG* 
AAGOGAG CDGADGAGGCOGAAAGGCOGAA AAADDGA 
GAGAAGO COGADGAGGCCGAAAGGCCGAA AGGAAAU 
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973 ACOGGAG CDGADGAGGCCGAAAGGOCGAA AGUGAGG 

974 CACOGGA OTGADGAGGCCGAAAGGCCGAA AAGCGAG 
976 UACACDG CDGADGAGGCCGAAAGGCCGAA AGAAGCG 
983 CUAADAC CDGADGAGGCCGAAAGGCCGAA ACACDGG 
986 UGCCDAA CDGADGAGGCCGAAAGGCCGAA ACUACAC 

988 AUUGCCU CDGADGAGGCCGAAAGGCCGAA ADACUAC 

989 CADDGCC CDGADGAGGCCGAAAGGCCGAA AAUACUA 
1007 DUAUGCC OTGADGAGGCCGAAAGGCCGAA AGGCCAG 
1013 CUCCCAU CIXaADGAGGCCGAAAGGCCGAA ACGCCUA 
1024 ACCUCUG OTGADGAGGCCGAAAGGCCGAA ACDCDCC 
1032 COCGGDG CDGADGAGGCCGAAAGGCCGAA ACCUCDG 
1044 AGADCUU CDGADGAGGCCGAAAGGCCGAA ADCCCDC 
1050 DCADADA CDGADGAGGCCGAAAGGCCGAA ADCUCGA 
1052 CAOCADA CDGADGAGGCCGAAAGGCCGAA AGADCUU 
1054 DGCADCA CDGADGAGGCCGAAAGGCCGAA ADAGADC 
1072 DDCAGCA CDGADGAGGCCGAAAGGCCGAA ADGCCDD 
1085 DUUCUUU CDGADGAGGCCGAAAGGCCGAA AG UD G UO 

1103 DGOAGDU CDGADGAGGCCGAAAGGCCGAA ADCACAC 

1104 CDGDAGD CDGADGAGGCCGAAAGGCCGAA AADCACA 
H08 DACACDG CDGADGAGGCCGAAAGGCCGAA AGUDAAU 
1115 AGDCOAG CDGADGAGGCCGAAAGGCCGAA ACACDGD 
1U8 DCAAGUC CDGADGAGGCCGAAAGGCCGAA AGUACAC 
1123 UGCOGDC CDGADGAGGCCGAAAGGCCGAA AGCCDAG 
1139 UAGCCOC CDGADGAGGCCGAAAGGCCGAA AGGDCDU 
1146 DGDUDGA CDGADGAGGCCGAAAGGCCGAA AGCCUCU 
1148 GADGOOO CDGADGAGGCCGAAAGGCCGAA ADEAGCCU 
1155 DUAAGCU CDGADGAGGCCGAAAGGCCGAA ADGDDDG 

1160 - UDGGADU CDGADGAGGCCGAAAGGCCGAA AGCDGAU 

1161 ODDGGAD CDGADGAGGCCGAAAGGCCGAA AAGCOGA . 
— S4 DCOODDG COGADGAGGCCX3AAAGGCCGAA AJTOAAGC 
1173 ACADCAU CDGADGAGGCCGAAAGGCCGAA ADOJUUU 
ll 81 AAAGCDC CDGADGAGGCCGAAAGGCCGAA ACADCAU 
11Q 7 UAACDCA CDGADGAGGCCGAAAGGCCGAA AGCUCOA 
^88 DUAACDC CDGADGAGGCCGAAAGGCCGAA AAGCDCU 
1193 UUUUADU CDGADGAGGCCC^AAGGCCGAA ACOCAAA 
1154 UUUUUftU CDGADGAGGCCGAAAGGCCGAA AACDCAA 
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Table 39: Large-Scale Synthesis 



Sequence 


Activator 
[Added/Final] 
(min) 


Amidite 
[Added/Final] 
(min) 


Time* 


% Full 
Length 
Product 


AgT 
AgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


85 
89 


(GGLO3GGT 
(«(3U)3GGT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15m 
15 m 


78 
81 


CgT 
CgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


90 
97 


UgT 
UgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


80 
85 


A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 


T [0.50/0.33] 
S [0.25/0.17] 
S [0.50/0.24] 
S [0.50/0.18] 
S [0.50/0.18] 


[0.1/0.02] 
[0.1/0.02] 
[0.1/0.03] 
[0.1/0.05] 
[0.1/0.05] 


15/1 5m 
15/15 m 
15/15 m 
15/15 m 
10/5 m 


21 
25 
25 
38 
42 



•Where two coupling times are indicated the first refers to RNA coupling 
and the second to 2'-Omethyl coupling. S = 5-S-Ethyttetrazole T - 
tetrazole activator. A is S -ucu ccA UCU GAU GAG GCC GAA AGG CCG 
AAA Auc ecu -3' where lowerecase represents 2'-0-methyInucleotides 
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Table 40: 



Sequence Deprotection 
Reagent 



iBu(GGU) 4 NRtOH/EtOH 
MA 
AMA 
MA 
AMA 

iPrP(GGU) 4 NH4OH/BOH 
MA 
AMA 
MA 

AMA . 

C 9 U NhUOH/EtOH 
MA 
AMA 
MA 
AMA 

A (36-mer) NfrijOH/EtOH 
MA 



Base Deprotection 



Time T «C % Full 
(mm) Length 
Product 



16 h 


55 


62.5 


10 m 


65 


62.7 


10 m 


65 


74.8 


10 m 


55 


75.0 


io m 


55 


77.2 


4h 


65 


44.8 


10 m 


65 


65.9 


10 m 


65 


59.8 


10 m 


55 


61.3 


10 m 


55 


60.1 


4h 


65 


75.2 


10 m 


65 


79.1 


10 m 


65 


77.1 


10 m 


55 


79.8 


10m 


55 


75.5 


4h 


65 


22.7 


10 m 


65 


28.9 
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Table 41: 2'-0-AlkyIsilyI Deprotection 



Sequence Deprotection Time T °C % Full 
Reagent (min) Length 

Product 



AgT 


TBAF 


24 h 


20 


84.5 




1 4 M HF 


u.o n 


DO 


81.0 


(GGU) 4 


TBAF 


24 h 


20 


60.9 




1.4 M HF 


0.5 h 


65 


67.8 




TBAF 


24 h 


20 


86.2 




1.4 M HF 


0.5 h 


65 


86.1 


U10 


TBAF 


24 h 


20 


84.8 




1.4 M HF 


0.5 h 


65 


84.5 


B (36-mer) 


TBAF 


24 h 


20 


25.2 




1.4 M HF 


1.5 h 


65 


30.6 


A (36-mer) 


TBAF 


24 h 


20 


29.7 




1.4 MHF 


1.5 h 


65 


30.4 



B is 5'- UCU CCA UCU GAU GAG GCC GAA AGG CCG AAA AUC CCU 
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Table 44. Kinetics of Self-Processing In Vitro 



Self-Processing Constructs 


k (min* 1 )* 


HH 


L16 ± 0.08 


HDV 


0.56 ± 0.15 


HP(GQ 


0.36 ± 0.06 


HP(GU) 


0.054 ± 0.003 



* k represents the unimolecular rate constant for ribozyme self-cleavage 
determined from a non-linear, least-squares fit (KaleidaGraph, Synergy 
Software, Reeding, PA) to the equation: 

(Fraction Uncleaved Transcript) = ^ (l-e" 1 *) 

The equation describes the extent of ribozyme processing in the presense of 
ongoing transcription (Long & Uhlenbeck, 1994 Pro. ^ M ^ „ 
6977) as a function of time (t) and the unimolecular rate constant for cleavage' 
(k). Each value of krepresents the average (± range) of values determined 
from two experiments. 
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Table 45 



Entry Modification 



1 
2 

3 
4 
5 

6 
7 
8 

9 

10 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 

21 
22 



U4 & U7 = U 

U4 & U7 = Z-O-Me-U 

U4 = 2'=CH2-U 
U7 = 2'=CH 2 -U 
U4 & U7 = 2'=CH 2 -U 

U4 = 2'=CF2-U 
U7 = 2'=CF2-U 
U4 & U7 = 2*=GF2-U 

U4 = 2'-F-U 
U7 = 2*-F-U 
U4 & U7 = 2'-F-U 

U4 = 2*-C-AllyMJ 
\S7 = 2'-C-AHyHJ 
U4&U7 = 2'-C-Allyf-U 

U4 = 2'-araF-U 
U7 = 2'-araF-U 
U4 & U7 = 2'-araF-U 

U4 = 2*-NH2-U 
U7 = 2*-NH2-U 
U4&U7 = 2'-NH2-U 



ti/2 (m) 
Activity 
(t A ) 



hn (m) 
Stability 
(ts) 



P = t s /t A 
x 10 



U4 = dU 
U4&U7; 



dU 



1 


0.1 


1 


4 


260 


650 


6.5 


120 


180 


8 


280 


350 


9.5 


120 


130 


5 . 


320 


640 


4 




550 


20 


320 


160 


4 


o20 


800 


8 


400 


500 


4 


300 


750 


3 


>o00 


>1700 


3 




730 


3 


120 


400 


5 


>500 


>1000 


4 


350 


875 


15 


500 


330 


10 


500 


500 


5 


500 


1000 


2 


300 


1500 


6 


100 


170 


4 


'240 


600 
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CLAIMS 

What is claimed is: 

1. An enzymatic nucleic acid molecule which cleaves ICAM-1 mRNA. IL- 

5 mRNA, ret A mRNA, TNF-a mRNA sites shown in Table 23, 25. 
5 27. or 28, CML associated mRNA selected from those identified as' 

SEQ. ID NOS 1-25, or RSV mRNA or RSV genomic RNA in a 
region selected from the group consisting of 1C, 1B and N. 

2. The enzymatic nucleic acid molecule of claim 1, the binding arms of 

which contain sequences complementary to any one of the 
1 0 sequences defined in any of those in Tables 2, 3, 6-9, 11, 13 15- 

23,27,28,31,33,34,36, and 37. 

3. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 

nucleic acid molecule is in a hammerhead motif. 

4. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 
15 RNA molecule is in a hairpin, hepatitis deita virus, group 1 intron, 

Neurospora VS RNA or RNaseP RNA motif. 

5. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. 

20 6. The enzymatic nucleic acid molecule of claim 5 comprising between 
14 and 24 bases complementary to said mRNA or genomic RNA. 

7. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 
between 5 and 23 bases complementary to said mRNA or genomic 



25 



30 



RNA. 

8. The enzymatic nucleic acid molecule of claim 7 comprising between 

10 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nucleic acid molecule consisting essentially of a 
sequence selected from the group of those shown in Tables 4-8 
10, 12. 14-16, 19-22, 24, 26-28, 30, 32, 34 and 36-38. 

10. A mammalian cell including an enzymatic nucleic acid molecule of 
claims 1 or 2. 
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1 1 . The cell of claim 10, wherein said cell is a human cell. 

12. An expression vector including nucleic acid encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 
molecule(s) within a mammalian cell. 

13. A mammalian cell including an expression vector of daim 12. 

14. The cell of claim 13, wherein said cell is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, ml A, TNF-a, or RSV by administering 
to a patient an enzymatic nudeic acid molecule of daim 1 or 2. 

16. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5. relA, TNF-a, or RSV by administering 
to a patient an expression vedor of daim 12. 

17. The method of claims 15 or 16, wherein said patient is a human. 

18. The method of claim 17 wherein said condition is selected from the 
group consisting of atherosclerosis, myocardial infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma, 
reperfusion injury, inflammatory or autoimmune disorders, 
transplant rejection, myocardial ischemia, stroke, psoriasis, 
Kawasaki disease, HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of 5'-C- 
alkylnucleoside, ^-deoxy-^-alkylnucleoside, nucleoside 5'-deoxy- 
S'-dihalo-methylphosphonate, nucleoside S'-deoxy-S'-difluoro- 
methylphosphonate, nucleoside 3'-deoxy-3'-dihalo- 
methylphosphonate, and S'.S'-dideoxy-S'.S'-bisfdihalo)- 
methylphosphonate. 

20. A nucleotide selected from the group consisting of 5'-C- 
alkylnucleotide, ^-deoxy^'-alkylnucleotide, 5'-deoxy-5'-dihalo- 
methylnudeotide, S'-deoxy-S'-difluoro-methylnucleotide, 3'-deoxy- 
3'-dihalo-methylnucleotide, and S'.S'-dideoxy-S'.S'-bisfdihalo)- 
methylphosphonate. 
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21. A nucleotide triphosphate comprising a nucleotide selected from the 
group consisting of 5'-C-alkylnucleotide, 2'-deoxy-2'- 
alkylnucleotide, S'-deoxy-S'-dihalo-methylnucleotide, 5'-deoxy-5'- 
difiuoro-methylnucleotide, S'-deoxy-S'-dihalo-methylnucleotide, 
and S'.S'-dideoxy-S'.S'-bisfdihaloJ-methylphosphonate. 

22. The S'-C-alkylnucleoside of claim 19, wherein the sugar portion is in 
a talo configuration. 

23. The S'-C-alkylnucleoside of claim 19. wherein the sugar portion is in 
an alio configuration. 

24. An oligonucleotide comprising a nucleotide selected from the group 
consisting of S'-C-alkylnucleotide, 2'-deoxy-2'-alkylnucleotide, 5'- 
deoxy-5'-dihalo-methylnucleotide, 5'-deoxy-5'-difluoro- 
methylnucleotide, S'-deoxy-S'-dihalo-methyinucleotide, and S',^- 
dideoxy-5',3'-bis(dihalo)-methylphosphonate. 

25. An oligonucleotide comprising a moiety having the formula: 

wherein B is a nucleotide base or hydrogen; R1, R2 and R3 
independently is selected from the group consisting of hydrogen, 
an alkyl group containing between 2 and 10 carbon atoms 
inclusive, an amine, an amino acid, and a peptide containing 
between 2 and 5 amino acids inclusive; and the zigzag lines are 
independently hydrogen or a bond. 

26. An oligonucleotide comprising a 3'-amido or peptido group. 

27. An oligonucleotide comprising a 5-amido or peptido group. 

28. The oligonucleotide of claim 24, 25, 26, or 27 having enzymatic 
activity. 

29. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nucleotide having an alkyl group at its 5'-position or 2'- 
position. 
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30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected alio sugar 
with triphenyl phosphine, diethylazodicarboxylate, p-nitrobenzoic 
acid under inversion causing conditions to provide said protected 

5 talo sugar. 

31. Method for the synthesis of a nucleoside 5' or a 3'-dihaIo- 
methylphosphonate comprising the step of condensing a 
dffluoromethylphosphonate-containing sugar with a pyrimidine or 
purine under conditions suitable for forming a nucleoside 5 - or 3- 

1 0 difluoromethylphosphonate. 

32. The oligonucleotide of claim 3, wherein the normal hammerhead U4 
and/or U7 positions are substituted with 2'-NH-amino acid. 

33. A method for the synthesis of RNA comprising the step of providing . 
5-S-alkyltetrazole at a delivered 0.1-1.0 M concentration for the 

1 5 activation of a RNA amidite during a coupling step for less than or 

equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyltetrazole at 0.15-0.35 M effective, or final, concentration for 
the activation of a RNA amidite during a coupling step for less than 

20 or equal to 10 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing alkylamine (MA) or NH 4 OH/alkylamine (AMA) at between 
60°C - 70°C for 5 to 15 minutes to remove any exocyclic amino 
protecting groups from protected RNA; wherein said alkyl is 

25 selected from the group consisting of methyl, ethyl, propyl and 

butyl. 

36. A method for the deprotection of RNA alkylsilyl protecting groups 
comprising, contacting said groups with anhydrous 
triethylamine-hydrogen fluoride (aHF«TEA) trimethylamine or 

30 disopropylethylamine at between 60 °C-70 °C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprotection of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 °C-70 
°C for at least 5 min, cooling the resulting mixture and contacting 
said mixture with TEA-3HF reagents under conditions which 
remove a protecting group of the 2'-hydroxyl position. 

39. Method for synthesizing RNA containing a phosphorothioate linkage 
comprising the step of contacting 6-10 equivalents of 3H-1.2- 
benzodithiole-3-one 1,1-djoxide (Beaucage reagent) with the 
growing RNA chain for 5 seconds with a reaction time of at least 
300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-S-ethyltetrazole or 
5-S-methyltetrazole prior to sulfurization. 

41. Method of claims 38, 39 or 40 wherein said RNA is enzymatically 
active. 

42. Method for synthesizing ^-deoxy^'-amino-nucleoside 
phosphoramidite, comprising the step of protecting the 2-amino 
group with a N-phtaloyl group. 

43. The method of claim 42 wherein the said nucleoside lacks a base. 

44. Method for synthesis of RNA comprising the step of: protecting the 
2'-position of a nucleotide during said synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. 

45. Method for covalently linking a SEM group to the 2'-position of a 
nucleotide, comprising the step of: contacting a nucleoside with an 
SEM-containing molecule under SEM bonding conditions. 

46. The method of claim 45, wherein said conditions comprise dibutyltin 
oxide and tetrabutylammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 
molecule or oligonucleotide with boron trifluoride etherate 
(BF 3 «OEt 2 ) under SEM removing conditions. 
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48. The method of claim 57 wherein said (BF 3 »OEt2) is provided in 
acetonitrile. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
intramolecular or intermolecular cleaving activity, said first 
ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group I, and RNaseP motif; 

and a second nucleic acid sequence encoding a second ribozyme 
having intermolecular cleaving activity, said Second ribozyme 
being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA, Group I, and 
RNaseP motif and said second nucleic acid being flanked by other 
nucleic acid sequences encoding RNA which is cleaved by said 
first ribozyme to release said second ribozyme from RNA encoded 
by said vector; 

wherein said first and second nucleic acid sequences may be on the 
same or separate nucleic acid molecules, and said vector encodes 
mRNA or comprises RNA which lacks secondary structure which 
reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of claim 49. 

51. A transcribed non-naturally occurring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises 
an intramolecular stem formed by base-pairing interactions 
between a 3' region and 5* complementary nucleotides in said 
RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a RNA polymerase III based promoter system. 

53. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a type 2 pol III promoter system. 

54. The RNA molecule of claim 51, wherein said molecule is a chimeric 
tRNA. 
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55. The RNA molecule of claim 53, said RNA having A and B boxes of a 
type 2 pol 111 promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53, wherein said desired RNA molecule 
is at the 3' end of said B box. 

57. The RNA molecule of claim 53, wherein said desired RNA molecule 
is in between the said A and the B box. 

58. The RNA molecule of claim 53, wherein said desired RNA molecule 
includes said B box. 

59. The RNA molecule of claim 51, wherein said desired RNA molecule 
is selected from the group consisting of antisense RNA, decoy RNA, 
therapeutic editing RNA, enzymatic RNA, agonist RNA ana- 
antagonist RNA 

60. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 12 bases of said 3* region. 

61. The RNA molecule of claim 5.1, wherein said 5' terminus is able to 
base-pair with at least 15 bases of said 3' region. 

62. DNA vector encoding the RNA molecule of claim 51 

63. The vector of claim 62, wherein said vector is derived from an AAV 
or adeno virus. 

64. RNA vector encoding the RNA molecule of claim 51. 

65. The vector of claim 64, wherein said vector is derived from an alpha 
virus or retro virus. 

66. The vector of daim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol III promoter. 

67. Cell comprising the vector of claim 62. 

68. Cell comprising the vector of daim 53. 

69. Cell comprising the RNA of claim 51 . 
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70. Method to provide a desired RNA molecule in a cell, comprising 
introducing said molecule into said cell a RNA comprising a 
desired RNA molecule, having a 5* terminus able to base pair with 
at least 8 bases of a 3' region of said RNA molecule. 

5 71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72. Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
10 bases in helix 2 and able to base-pair with a separate substrate 

RNA. wherein the said ribozyme comprises one or more bases 3* 
of helix 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or ligate said 
separate RNA(s) in trans: 



15 



74. The ribozyme of claim 73. wherein said ribozyme comprises six 
bases in helix 2. 



75. The ribozyme of claim 73, having the structure of Fig. 3. wherein 
each N and N' is independently any base and each dash may 
represent a hydrogen bond, r is 1-20, q is 2-20. o is 0 - 20, n is 1 - 

20 4, and m is 1 - 20. 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3' of helix 3 able to base-pair with a substrate 
RNA to form a helix 5. 

77. Trans-cleaving Hairpin ribozyme comprising at least 6 base pairs in 
25 helix 2 lacking a substrate RNA moiety. 

78. Trans-ligating Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

79. The ribozyme of claim 73 having the structure of Fig. 73. 

80. The ribozyme of claim 73 having the structure of Fig. 74. 
30 81 . A cell including the ribozyme of any of claims 73-80. 
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82. An expression vector comprising nucleic acid encoding the 
ribozyme of any of claims 73-80, in a manner which allows 
expression of that ribozyme within a cell. 

83. A cell including an expression vector of claim 82. 

5 84. Method for altering in vivo the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic acid able to form a duplex or 
1 0 triplex molecule with said nucleic add molecule, wherein formation 

of said duplex or triplex molecule directly, or after nucleic acid 
repair in vivo, causes at least one base in said nucleic acid 
molecule to be chemically modified to functionally alter the 
nucleotide base sequence of said nucleic acid sequence. 

15 85. The method of claim 84, wherein said oligonucleotide is of a length 
sufficient to activate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

86. The method of claim 84, wherein said oligonucleotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 

20 modify a base. 

87. The method claim 84, wherein said nucleic acid molecule is DNA or 
RNA 

88. The method of claim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

25 89. The method of claim 88, wherein said mutagen is nitrous acid. 

90. The method of claim 84 wherein said oligonucleotide causes 
deamination of 5-methylcytosine to thymidine, cytosine to uracil, or 
adenine to inosine, or methylation of cytosine to 5-methylcytosine. 

91. The method of claim 84, wherein an endogenous mammalian 
30 editing system is co-opted to cause said chemical modification. 
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92. Method for introduction of enzymatic nucleic acid into a cell or 
tissue, comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic acid under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said enzymatic nucleic acid molecule is 
produced in said cell or tissue. 

93. Method for introduction of a desired nucleic acid into a cell or tissue, 
1 5 comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
desired nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
20 structure under physiological conditions with said first nucieic acid 

molecule; wherein said first nucleic acid molecule lacks a promoter 
region and said R-loop is formed in a region of said first nucleic 
acid molecule at a location which promotes expression of RNA from 
said first nucleic acid under said conditions; 

25 and contacting said complex with said cell or tissue under 

conditions in which said desired acid molecule is produced in said 
cell or tissue. 

94 Method for introduction of a desired nucleic acid into a cell or tissue, 
comprising the steps of; 

30 providing a complex of a first nucleic acid molecule encoding said 

enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 



5 



10 
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structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic acid under said conditions; 

5 and wherein said second nucleic acid further comprises a 

localization factor; 

and contacting said complex with said cell or tissue under 
conditions in which said desired nudeic acid molecule is produced 
in said cell or tissue. 

10 95. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nucleic acid molecule; 

1 5 wherein said R-loop is formed in a region of said first nucleic acid 

molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

96. Complex of a first nucleic acid molecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 

20 sufficient complementarity with said first nucleic acid molecule so 

that it is able to form an R-loop base-paired structure under 
physiological conditions with said first nucleic acid molecule; 
wherein said first nucleic acid molecule lacks a promoter region 
and said R-loop is formed in a region of said first nucleic acid 

25 molecule at a location which promotes expression of RNA from said 

first nucleic acid under said conditions. 

97. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 

30 molecule so that it is able to form an R-loop base-paired structure 

under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
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first nucleic acid under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 
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GGCAG AACAG CAG AGUGGCG CAGCGG AAGC GUGCUGGGCC CAUAACCCAG 5 0 
AGGUCG AUGG AUCGAAACCC CGG AUCGUAC CGCGGUGGAU CCACUCUGCU 100 
GUUCUGUUU 109 



FIG. 45. HHIS35 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
r.ACCGAAAGG nrCGAAACGG QCAGGAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 



FIG. 46. S35 p,us Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGGGAUC CUAACGAUCC 100 
GGGGUGUCGA UCCAUCACUC UGCUGUUCUG UU U 133 



£~IQ 4Y. HfflS35 Plus 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
fiACCGAAAGG I \CCCi A A ACGG QCAGGAUCCU AACGAUCCGG GGUGUCGAUC 150 
CAUCACUCUG CUGUUCUGUU U 17 1 



Underlined bases indicate the HHI ribozyme sequence 
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This is based on Geiduschek & Tocchini-Valentini, 
(1988^ Anmi. Review Biochem. 57. 873-914. However 
this consensus sequence is not meant to be limiting 
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FIG. 55. 
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